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ERRATA 


VOLUME I 


Pagb 

62 Thennometric Scalea, Steam point. For 703.68®R' read 
671.68°R'. 

68 NH4CI. For 79.2, 79.3, 79.6 % humidity read 79.6, 79.3, 77.6, 

reepeciively . 

91 High Vacuum Technique, line 6. Insert m before * 43.74. 
176 Index No. 46. Under Normal melting point, ®C. For —5 
read ~\-2. 

185 Index No. 644. For C4H,CIN,0, read C4H4CUN,0,. 

193 Index No. 1084. For CH,(C,Ht)CH,OH read CH,(C,Ht)- 
CHOH. 

196 Index Noi 1168. For C«HeBr) read CeHiBr*. 

200 Index No. 1604. For CeHaOi read C»HbO«; for Mol. wt. 
160.06 read 176.06. 


Pao* 

201 Index No, 1660. For B.P. 106.0 read 166.0. 

212 Index No. 2260.2. For Isohydroxydirnethylurea read Ib<>- 

hydroxydimethyluric acid. 

213 Index No. 2315. For CH,BrOONIICON(C,H*), rca// 

(C,n4),CBrCONHCONH,. 

226 Index No. 3066. For Phenylpyrazolonc read Phenylpyraxole. 
235 Index No. 3638. Delete entry. 

261 Index No. 4612. Delete entry. 

278 Serial No. 930. Delete entry. 

390 PREFERENTIAL MOTION. First equation. In exponent 
of e for first 2* read x*. 


ERRATA 
VOLUME II 


Paob 

299 For (*) Dellinger and Preston SI, read SS; and for (3) Dellinger 
and Preston, S2 read SI. 

328 Table for viscosity of CaClj, second column. For a read 
Oogij.); /or b read a; and for c read b. 


Paqs 

381 Index No. 1017. In last line interchange 460 and 575. 
462 In footnote *, for a = od read a — <»/. 


ERRATA 
VOLUME III 


Paob 


211 For Braunschweig, 1909 reod 1919. 

212 At 33.9°C for 39.6772 read 39.677; and at 34.9®C/or 41.94 read 

41.942. 


212 For section of Table from 60 to 80®C inclusive, insert head: 



272 Aqueous Solutions of Organic CJompounds. C = CsHeO. 
In table heads for oio read lO^aso. 


Pact 

273 Aqueous Solutions of Organic Compounds. C = C»HeO, 
For ato read lO^otjo. 

310 B « CiH«0. — {Continued). In Vap. column under 760 mm, 
for 40.8 read 41; for 59.8 reod 60; for 80 read 81; and delete 
all other decimal places. 


ERRATA 
VOLUME .IV 


Pact 

183 C*Hi*0, Cyclohexanol. For 3.828 r«ad 38.28. 

263 SuB8Tn:uTED Phenols in Watkr at 26®C. Add (»7) and add 
Boln. q/’ter Equiv. per 1. 

Alkaloidb in Water at 20®C. Add (»0); <f. (♦). 

Organic Acids in Water at 26®C. Add (3^) and odd soln. 
after Equiv. per 1. 

281 Cl- SO4— Mg++ Na+.— (Conftntied). Under t = 106®C, in- 
sert astensks after H and I; in line for P, for 14.78 read 14.76; 
in line for Q, for 67.28 read 64.96, for 64.04 read 64.82, and 
for 20.24 reod 20.64. 

IirrsBMATioif AX« CamcAL Tables, Volumb V. 


Paob 

309 Cl- Mg++ («*): H ,0 + MgO + MgCl,. Add I » 50‘'C. 

351 SO4 Mg^ Na'*’; At 103°C, in first entry, for 42.9m read 
28.0511 and for 10.31m read 6.73m; in second entry, for 
NajS04 read 3NaiS04.MgS04, for 27.92 read 18.24, and 
for 25.4 reod 16.67. 

394 For (3*7) Mayeda, ^ read (**7) Maeda, 14^, 

469 In C^HirBrOs, acf.-Amyl o-bromo-n-butyrate, delete quistiou 
mark. 

476 To (*3) ndt Goard, 4 , 127: 2461; 25. 
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VISCOSITY AND FLUIDITY 
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Solutions 

Aqueous solutions, containing : 
Only salts or strong inorganic 
electrolytes. 

At least one weak electrolyte 
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At least one non-electrolyte 
but no weak electrolyte. 

Non-aqueous solutions. 
Met^c. 

Non-metallic. 

Plastic Systems 
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Index Complet 
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L*£tat liquids 
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M^taux. 

Non-m4taux. 

Solutions 

Solutions aqueuses, contenant: 

Seulement des* sels ou des 
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forts. 

Au moins un Electrolyte 
faible ou un acide ou une 
base organique. 

Au moins un non-Electrolyte 
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faible. 

Solutions non aqueusee. 

MEtalliques. 
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Mindestens einen Nichtelek- 
trolyten aber keinen 
schwachen Elektrolyten. 
Nichtwassrige Losungen. 
Metalle. 

Nichtmetalle. 

Plastiche Systems 
Metallische feste Stoffe. 
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Gas e vapori 1 

Stato liquido 
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VISCOSITY OF GASES 
L. L. Bircumshaw and Vaughan H. Stott 


DEFINITIONS AND FORMULAE 

For small velocities, the rate of shear in a gas is proportional to 

the shearing stress. The ratio of the latter to the former is known 

as the viscosity (^). The C. G. S. unit of viscosity is called the 
'‘poise.*' 

In the case of most gases, the influence of temperature on the 

viscosity may be represent^ by the following formula due to 
Sutherland (1893): 

r+c VtJ' 

where ri and ij. are the viscosities at the absolute temperatures T and 
T. respectively, and C is “Sutherland's constant." C may 
i^dfly ^ determined graphicaUy from a number of observations 
by plotting T against since we have 



FLOW OF GAS THROUGH A CAPILLARY TUBE 


For very small velocities, the following equation due to Meyer 
may be used: 

^ - ft’), 


where F « volume of gas (measured at mean pressure p) flowing 
per second, pi *= entrance pressure, pt ~ exit pressure, r » 
length and radius of the.tube, respectively, and the slip coefl5cient, 
is approximately equal to the mean free path of the molecules. 

■ Except at very small velocities, the above formula requires a 
considerable correction for kinetic energy. The corrected formula 
may be written, according to Brillouin (*) 



where M >= the mass of gas transpired per second and 
density of the gas at the mean pressure p. 


p 


the 


1 


2 
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Plsher (<) gives the following correction to the pressure at the 
entrance end due to the kinetic energy effect: 

1 rri - rii* 

' J [r* H- 12f V* H- 6fr*), 


RT log. ^ 
P\ 


r 

3841 


VPil 


where R ■■ the gas constant, T *= the absolute temperature, pi = 
the pressure to be used in Poiseuille’s law, and p[ = the manom- 
^er pressure measured in the vessel at the end of the tube. A 
similar formula with subscripts "2" gives the correction at the 
exit encL 

Rapp (*•) found that the following empirical formula gives the 
same results as Fisheris formula within the limits of e^>erimental 
error: 




constant 


PLOW OF GASES THROUGH TUBES 

The flow becomes turbulent when the value of K = p— exceeds 

a certain value depending on the material of the tube, where p is 
the density, i, the viscosity, V the velocity of the gas, and d the 
diameter of the tube. For practical purposes, K may be taken 
as >2000 for ordinary tubes. 

It has been found that when due allowance is made for slip, the 

visc<Mity of a gas is independent of the pressure. The coefficient 

of slip between a soUd and a gas depends both on the nature of the 

gas and on that of the solid surface [Van Dyke (3»), Millikan (* *) 
and States (**)] 

In most measurements of gaseous viscositi^, the value for air 
at a given temperature is either assumed or determined. Unless 
otherwise indicated, the viscosity values in the following tables 
have been corrected, in cases where the air value assumed or 
determined by the author is known, by assuming that for air - 
1822.6 X KT' (•) and that C - 120. 

A-Tablb.— Elembntaby Substances and Atmosphemc Air 


Gas 

‘*0 

n, micro- 
poise (10~« 
poise) 

A 

0 

209. e 


23 

221.0 

Br* 

12.8 

161 


66.7 

170 


99.7 

188 


139.7 

208 


179.7 

227 


220.3 

248 

Cit 

12.7 

129 


99.1 

168 


23 

88.2 


0 

84 2 


-192.3 

36.2 


-262.6 

8.5 


-257.7 

5.7 


0 

(84.11) 


+ 20.8 

88.72 


-102.9 

60.93 


-183 5 

39.22 


-302.2 

31.98 


-263 06 

11.10 


-253.06 

i 10.6 


Remarks 


Lit. 


T 

J 


142 


± 


C - 460 


( 20 , 21 , 22 
(*0) 
(*^) 




325 

C~72, 
Breitenbach 
C - 83, 
Rayleigh 


( 23 ) 


Down to —183^ 

’“^273.1) ' 

P ■* eo. 400 mm 
except for last 
. value, where p — 

200 rnrr) 


(«) 


7) 


(>•) 



A-Tabi*. — (Continued) 
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VISCOSITY— CASKS 


Atmospheric air. — (Continued) 


C-Tabw:. — The (T-Arranoement (t'. Vol. Hi, p. viii) 


y 

400 

410 

420 

430 

440 

450 


3277 

3309 

3340 

3371 

3402 

3433 


32 

31 

31 

31 

31 

30 


490 

600 


_v_ 

3403 

3493 

3623 

3553 

3583 


30 

30 

30 

30 


No change in the viscosity of air could be detected in an electric 
field of 18 000 volt/cm (3®). For effect of saturation with vapors, 

V. p. 6. 


2^Table. — Standajid Arrangement 

(y. Vol. Ill, p. viii) 


Substance 


H,0 


HCl 


NO. 


N,0 


NH, 


AsHt 


CO, 


cs,. 


cos 


SiHi 


f, *C 


ij, micro- 
poise 

(I0“* poise) 


V. Table 1 






0 

17 

100 


0 


0 


- 78.5 
0 

100 


0 

15 

100 


0 

16 

100 


-191.6 
- 78.6 
0 
16 
100 


0 

14.2 


15 

100 


0 

17 

100 


15 

100 


178 


135 


67.2 

91.8 

129.3 



370 


290 


300 


198.1 




66.1 

127 

166 

172 1 

210 j 


V. Table 2 


91.1 

96.4 


119.0 

164.1 

t 


92.8 ’ 
98.7 
127.1 


118 


(«) 


(*) 


(8) 


( 33 , 41 ) 


( 26 ) 






( 26 , 41 ) 


( 26 ) 


( 26 ) 


( 31 , 41 ) 


( 36 ) 


Formula 


Name 


/, °C 


micro- 

poise 

(io-» 

jxjise) 


Lit 


CHClj 1 Chloroform . . 


CH.Br 


CHjCl 


Methyl bromide 


Methyl chloride 



0 I 93 6 
14 2' 98,9 
100 129 

212 5 164 

I 


n [103 


15 3 92 
15 0 104 
99 1 137 
182.4 168 
302 0211 
0 96.9 


181.6 34.8 
78.5 76.0 


( 29 , 36 , 41 


202 


45^4 


C,H, 


C,H4 


Acetylene 


Ethylene. 


0 

0 

17 

100 


0 


102.4 

102.7 

108.6 

135.2 


93.6 


198 


CiHsCl 


C,He 


Ethyl chloride 


Ethane 


CiHeO I Ethyl alcohol 


C,H«0 1 Acetone 


C.HeO, 


C,H.O, 


Ethyl formate. . . , 


Methyl acetate. . . . 


C,H7Br 


CtBjBr 


C,H,0 


C,I1,0 


CiBgO, 


C4H8O, 


n-Propyl bromide . . . 


Isopropyl bromide. . . 


n-Propyl alcohol .... 


Isopropyl alcohol 


Propyl formate 


Ethyl acetate 


C4H8O, 


C4H;o 


Methyl propionate. . 


n-Butane (1 % CjHe) 


330 

( 33 ) 

330 

1 

1 

1 

( 26 ) 

229 

( 27 ) 


15.0 99 
99.3 126 
182.4 151 
302.0 180 


0 1 93.7 


78.5 63.4 
0 84.8 


100 108 
212.5 140 


100 93.1 

212.6 124 


99. 8| 92 


99.8 98 
100 100 
212.5 134 


99.8|119 


99.8|122 


99. 9| 93 


99.81 109 


99.91 92 


0 68.4 

99.8 96 
100 94.3 

212.5 126 


99.81 94 


14.7 83.2 
16.0 83.3 
100 108.2 


226 



525 






(2, 41) 


( 26 , 41 ) 









( 29 ) 


670 ( 29 ) 


(>•) 


( 18 , 29 ) 


0») 


( 18 ) 



( 18 ) 


( 18 ) 




C4H10O 

Ethyl ether 

W V 1 



0 67.8 

14.2 71.6 
99.8 98 
100 95.6 

212.5 122 


99.8IIO2 


( 18 , 29 , 36 , 


325 
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C-Tabl£. — T he C-Abranoement. — (Coniinued) 


Formula 

Name 

1 

1 

<, “C 

1 

ni 

micro- 

poise 

(lO-* 

poise) 

C 

1 

Lit. 

C4H„N 

n-Butylamine 

1 99 8 

82 

1 (»«) 

C^HnN 

1 Isobutylamine 

1 99.8 

88 



(IS) 

C4H„N 

1 Dietbylamine 

99. 9| 92 


1 

(IS) 

CiHioO* 

Isobutyl formate 

99.81 93 


1 

(IS) 

CtHioO* 

Ethyl propionate j 

99. 9| 88 



(IS) 

CiHi, 

Isopentane 

100 

87.41 

1 ' 





212.5 

115 J 

h 

500 

(*») 

C4H. 

Benzene 

14.2 

73.8 



(20, 36) 


1 

1 

1 

100 

91. s’! 






212 5 

123 


700 



Table 1. — HjO Vapor (34) 
17 in 10“* poise 



161 2 


207.1 


7 

• ••••• 

1 

127 

145 

168 

- 1 -TVsls .V 1 

190 1 

1 

660 

"C.... 



. -1 0 

15 

20.6 28.9 

1 99.95 


17 (obs.) 

If (extrap.)* 

•Taking C - 650. 


90.4 
88 


97.5 
93 



97.6 
96 


100.6 
100 


132.0 
127 


Table 2. — CO* 

17 in 10~* poise ( 3 ®* 4i) 


°C 

1 23 

0 

-78.6 


147.16 

137 

1 102 

C 

274* 


240 1 

• Rankin« and Smith. “ 


t Brelteobaoh. 


The foUowing table for CO, is given by Phillips 

71 in 10~* poise; d in g/cm* 


0 ^). 



83 

72 

69 

56 

50 

40 

20 

1 


823 

0.835 

771 

0.812 

697 

0.768 

186 

0.190 

177 

0.146 

166 

0.100 

166 

0.036 

148 

0.00183 


110.6 

770 

104 

733 

06 

693 

90 

643 

82 

692 

80 

565 

76 

629 

74- 

496 

73 

478 

72 

458 

70 

229 

60 

187 

40 

168 

20 

169 

1 

163 


30®C 


0.796 
0.781 
0.760 
0.743 
0.716 
0.706 
0.680 
0.664 
0.663 
0.635 
0.287 
0.177 
0.092 
0.0364 
0.00177 


986 

950 

907 

977 

1220 

I660 

4330 

8O800 

939 
913 
864 
827 
800 
778 
745 
732 
723 
798 
1057 
1830 
4500 
864oo 



viscoHr 


Table. — {CotUinued) 


% He 

% H, 

1? 

Cnlc. 1 

01>3. 

t, -c c 

75.087 

24.913 

159.71 

160.32 

0 0 



166 35 

165.67 

15 86 77 8 



198.35 

198 47 

99 67 

59.716 

40 284 

142.52 

143.06 

0 0 



148.14 

147.55 1 

14 67 87.75 



178.23 

178.40 

99 80 

39 857 

60.143 

122.24 1 

122.67 

0 0 



127.00 ; 

126 53 

15 03 75.50 



151.73 

151 77 

100 09 

18.807 

81.193 

101.56 

101.65 

0 0 



106.09 

106.01 

17.0 80 63 



126.48 

126.50 

100.15 

0 0 

100.00 

84.10 


0.0 



87.40 

87.72 

14.79 83.0 



104 95 

104 60 

100.5 


O, - H, 

11.1°C(6) %Oj llOO 97.5 195 90 75 ] 0~ 

. ,1 0.9057 1 000 0.9946 0.9724 0.4502 


O, > N, 

12.2“C (6), r, (for 100% O,) = 1 


%o, 

1 l?rd. 

% 0, 1 

Vn\. 

% 0. 

Vni 

97.5 

0.9984 

66.6 

0.9550 

10 

0.8847 

95 

0.9941 

50 

0.9348 

5 

0.8804 

90 

0.9871 

33.3 , 

0.9138 

2.5 

0,8847 

76 

0 9734 

25 

0.9051 

0 ' 

0-8750 


Oa - CO 

at /'> = 1 (6) 


12. 2-^0 %Oj I 100 25 10 6 2.5 0 

77^. I 1 0 . 9040 0 . 8842 0 . 8757 0 . 8743 0 8701 


ll.rC %Oj 100 75 66.7 50 33.3 0 

ij^. 1 0.9666 0.9593 0.93610 9129 0.8664 



Oj COa 

7,0^ at r = 1 (6) 


100 50 25 10 5 2.5 0 

1 0 . 8714 0 ■ 807 1 0 ■ 7679 0 . 7559 0 . 7538 0*. 7464 


100 97 5 95 90 75 0 

1 0 . 9943 0 . 9872 0 . 9759 0 . 9420 0.7510 


Oa - CHi 
at - 1 (6) 


%o,.. 


25 10 i 

5 

2 5 0 

. . . 


0.6902 0.5983' 

0.5827 

0 . 5770 0 . 5629 


n^c 



77.14 

83.24 

100.00 


V X 
10' 


1241 

1274 

1330 

1350 

1324 

1285 

876 


H* - SO, (38) 


45*^0 70*^0 



0.00 

19.72 

49.25 

70.37 

77.14 

83.24 

100.00 


17 X 
10 ' 


1366 

1404* 

1458 

1472 

1431 

1389 

931 



0.00 
19.72 
30.01 
38.25 
51.77 
70.37 
76.94 
S3. 43 
83.24 
100.00 


17 X 
10 ' 


1476 
1513 
1534 
1551 
1564 
1573 
1528 
1483 ; 
1478* 
979 


92 


%H, 


0.00 
19 72 
30.01 
38.25 
51.77 
76.94 
83.43 
83.24 
100.00 


17 X 
10 ' 


1576 

1609 

1624 

1651 

1657 

1616 

1554* 

1550* 

1022 



H, - NO 

11.1''C; values of % PI, and of tj relative to C), = 1 


1 00% I 75% I 50% I 2 5 % I 1 0% I 5 % | 0% 
0.44821 0.7159 | 0 8224 | 0.8191 ! 0 8609 ; 0 8788 I 0 8661 


H: - NHa 

12-13°C; values of % H, and of v in 10~' poise (3^) 


0.0%|8.2%|20.1%|33-9%|53.6%|68.4%,79.1%|90 2 %!lfX).0 % 
1005 I 1017| 1042 I 1068 | 1102 | 1104 j 1089 | 1036 i 915 


H, - CO 

11. rC; yjr. 1 . to O, = 1 (6) 


92 5 i 90 


%CO 


100 I 95 


|0 . 866410 . 8650|0 . 8635i0 8650|0 8432! 0 4586 


H, — CO, 

Values of % H, and of Tjrei- to O, — 1 (®) 


12.8° 

100% 

0 . 4493 

25% 

0.7535 

10% 

0.7521 

12.2° 

100% 

0.4321 

97.5% 

0.4983 

95% 

0.5157 



90% 75% 50% I 0% 


%H, 

(19)* 


0.0 
9.97 
19.85 
27 75 
56.54 
73.59 
83.92 


14.7° 


1468 


14.7 



1475 

1399 

1307 


% H, 

(19)* 


90.161 1215 


t; in 10 ' poise 


% H, 

(M 


0.0 


99.2 


93 58 1111 
96.12 1031 


97.60 

98.32 

100 


991 

958 

893 


1464 I 1869 


% H, 

(37) 


0.0 1468 


12.98 1484 
15.56 

14.99 


8.5 1483 
1897 17.2 1490 

1880 22 4 1493.5 


48.44 1485 1805 55.4 1485 

82.20 1289 1624 66.7 1450 

991 1195 76.5 1367 

893 1064 82.2 1292 

87.9 1901 


97.24 

100 


* Not corrected to standard air value. 

H, - CH4 

Values of % H, and of vni. to O, = 1 (6) 


12.2° 

100% 17.5% 
0.4497 0.5572 

10% 

0 . 5629 

5% 2.5 7o 

0.56150.5502 

0% 

0.5544 

12.8° 

100% 

0.4616 

97.5% 

0.4714 

95% 

0.4797 

90% 

0 . 4965 

1 

75 % 
.5313 

50% 

0 . 5596 



% H 


0% 


H, - C,H4 

12-13°; Tj in 10“' p>oise (37) 


. . I 0.0|27 .1145.6163. 0172. 6|83.0|92.4| 100.0 

■ ■ ■ . 1 1016| 10481 10781 10871 10861 10621 10081 915 


*7 
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NH, - C,H4 

12-13^ 7, in 10-’ poise (37) 


% NHj. , . . 
v 


0 0 

lioie 


8.0117.5 
1037 1043 


27.5 

1047 


42.0 

1050 


58.9 

1046 


81.3 

1028 


100.0 

1005 


Air - H, 

1 A 1 or' /«\ 

T\±l — XXIV 

Saturated at 26°; 10^ “ 1904 (air 

(35.1) olaims that the viscosity of air is decreased by saturating it 
with moisture, the decrease being % at 760 mm and 36% at 14 
mm pressures. 

Air - C,H4 

V in 10^ poise; not corrected to standard air value (*) 



1863) (*3). Steams 



1809 

2209 


Air - G,H,OH 

Saturated at 26°; IO^tj « 1878 (air « 1863) ( 13 ), 

LITERATURE 

(For ft key to the periodicals see eod of volume) 
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(*) Fiaher, £. 39: 216: 11. (•) GlUe. 8. 38 : 799; 16. <•) Graham. M. 138: 

573; 46. (▼) CQather, 7, 110 : 626 ; 24. (•) Harie, 5. 100: 429- 21. (•) 

Harrington, S, 8: 738; 16. 
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VISCOSITY OF METALS AND ALLOYS 

W. Rosenhain, Editor 



and Meftnings of Symbols 

St Tensile stress. 

Sg Shearing stress. 
e Unit elongation. 
g Shear. 

E Young’s modulus of elasticity. 

O Modulus of rigidity. 

t “ Normal'' coefficient of viscosity. 

n Tangential coefficient of viscosity. 

» Logarithmic decrement of damped vibrations. 

he ®^®«ent8 of elasticity and viscosity of an isotropic soUd 
body are defined by the equations; 

St ^ Ee ^ *** 


df 

S.-Gg+ 

The coefficient of viscosity of a liquid is defined by* 

The loganthimc decrement ie the logarithm of the ratio of two 

■uc^ve majamum displacementa, on the same side of the 
equilibrium configuration. 

material possessing no symmetry whatever there 
are 21 ^10 and 36 viscous constants, which are coefficients in 

of the SIX strain components and their time derivativ«L Tb« 
constants in the following tables have been computed on the 

is admitteSy 

n^tetuTv^ 

from th^'hiari'ft. viscosity computed on this basis 

•.V decrement of vibrations, increase linearly 

With the amphtude of vibration. This may be due / 


velocities are necessary completely to define the stress components 

in terms of the strain components. For a discussion of the theory, 

see (**), The values of the coefficients for an amplitude of 9® 
are designated by and 

The values of the coefficients of viscosity of solid metals and 
alloys depend not only upon their chemical composition but very 
largely on their condition, especially their microstructure. The 
valuM given below are to be applied only to material in the same 
condition and only to specimens whose aixe is of the same order of 

&S tllC foF whinK vAaiiWa 


>F SOLID METALS AND ALLOTS 
F, P. Upton 

BNT OF Viscoemr for Zbbo Ampotodb at 
Tkmperaturb, cos Units 

nping of fiexural vibrations of rectangular 
strips 

Traatment 


A1 


Cd 


Cu 


Cu-8o-P 

Cu-Zo 
Cu, 60; ^ 
40 

F«-C, 0.18 


• • • 


• ■ * 


Hammered 
Aunealed at 400®C.. . 

RoUed 

Rolled 

Annealed at 400^. . . 

Caat 

Coat 

Cast 

Cast 

RolUd.... 

RoUed 

RoUed 

Annealed at 300*C. . . 
Caat 

tS:::::::::;::;;;} 

Caat 


{ 


RoUed 

Onannealed 
Annealed . . . 


} 



0.S80k).134 


t 
t 

28, Q 
28.0 
28.0 
26.0 
t 

t 

t 

28.0|0.364 

38.0K>.489 





t 
t 

0.166 

0.0728 


Period^ 

iec 

lO-H* 

Ut.* 

0.731 

2.86 

<*) 

0.719 

2.24 


0.700 

0.76 

(■) 

0.798 

0.82 


0.718 

1.26 


0.8S4 

0.186t 

(*•> 

0.934 

0.267t 


0.892 

8.01 

(•») 

\ 1.220 

11.41 


0.688 

4.88 

(•> 

0.838 

6.11 


0.903 

4.88 


0.810 

6.18 


0.708 

0.201 

(”) 

/0.637 

0.411 

PM 

\ 1.010 

0.34*1 


0.732 

0.231 

(«M 

0.636 

1.66 

(•) 

/0.760 

4.94 

(•) 

\0.768 

2.68 1 
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"Normal'* CoBrnciENT or Viscosity. 

Dimeosionii. cm 


{ContiniLed) 




Treatment 


0.88 

Fe-C, 0.«7 

FeC, 1.17 
Fe-C. 1.76 
Fe-C 

Fe-C 

Mg 

Ni 

Zn 


Unannealed 
Annealed . . . 
Unannealed 
Annealed . - 
Unannealed 
Annealed . . 
Unannealed 

Caat (steel) 
Cast (iron) . 


Hammered 

Annealed at 400^C. 

RoUed 

Cast 

RoUed 

Annealed at 200'’C. 


\ 1 

m 1 

n 1 

26.0 

0.407 

0.0802 

M.O 

0.600 

0.123 

20.0 

0.407 

0.0811 

20.0 

0.480 

0.0725 

1 t 

1 

t 

t 

1 

t 

t : 

t 

26.0 

0.500 

0.120 

26.0 

t 

0.407 

t 

0.105 

t 

26.0 

0.356 

0.0669 


Period, 

lO'E. 

Lit 

I 0.688 

6.12 

(•) 

1 0.684 

3.6! 


To. 479 

6.03 

(•) 

1 0.481 

4.30 


Jo. 708 

5.06 

1 (*) 

1 

\0.701 

4.27 

1 

1 

0.766 

7.20 

(•) 

f 0 . 508 

1.26** 

CM 

1 0.7241 

1.68** 


1 0.480 

3.6tt 

(*M 

1 0.641 

6.0tt : 


j 0.751 

1.61 

(>M 

1 0.755 

0.722 

j 


J 0 . 650 

3.05 

(M 

1 0.653 

0.Q6XX 

(»M 

f 0.978 

V 

27.4 

(M 

\ 0 . 883 

1 9.27 



♦ Results oi (•) were each obtained from damping of vibrations m iwcuo of a 
atrip loaded at lower end. Results of (* * ) were each obtained from damping of 
vibrations of a strip fixed at one end and at the other attached to a heavy disk 
rotatable in the lUane of flexure, the plane of strip when unstrained passing 

through axis of disk. In (“) only values of ^ were given. Valuee of ( are 
computed from valuee of B given below. 

In (•) i ■■ ft where M is mass of load and T is period is called log 

inD ^ y 

decrement in the c^ginal). In(*>)J | where Af' is mass of heavy disk. 

The results In this table are not corrected for effect of non-rigidity of support. 
For methods, s. ('•). For more recent data. r. (''^). 
t Average dimension of stripe. 10 X 0.0 X O.l cm. 

t Assumed F ■■ 6 670 kg/mm*. ^ Assumed F 9 400 kg/mm*. 

1 Assumed F “ 7 070 kg/mm*. •• Assumed F « 20 750 kg/ mm*. 

D Assumed E ^ \0 M)0 kg/mm*. tt Assumed E ^ 9 000 kg/mra*. 

Assumed £ 20 300 kg/’mm*. 


Tangential Coefficient of Viscosity for Zero Amputude (®) 


Detei^mined from damping of torsional vibrations annealed 

wires; for effect of temperature, v. Figs. 1-10 


Material 


Length, 

cm 

Radius, 

cm 

Period, 

sec 

10-»i7* 

Ag 

13 

26.5 

0.0285 

9.671 

; 12.60 

A1 

15 

25.5 

1 

0.0316 

7.035 

25.50 

Au 

15 

26.6 

0 , 0280 

9.603 

17.00 

Cu 

22 

25.7 

0 . 0275 

6.899 

6.70 

Fe 

16 

1 

25.4 

0 . 0295 

5.744 

12.89 

FfrO, 0.65 . . . 

22 

26.6 

0.0290 

5.684 

12.90 

Fe-C, 0.9 

16 

23.7 

0.0335 

5.693 

7.70 

F&C, 1.30 

19 

25.5 

0 . 0275 

6.670 

9.82 

Ni 

16 

25.6 

0.0250 

6.521 

1.65 

Pt 

16 

25.6 

0.0240 

8.198 

1.75 

Pt, 85; Rh, 16 

17 

25.5 

0.0195 

10.059 

.4.19 

W 

16 

25.5 

0.0215 

7.625 

9.37 

Zn 

22 

26.5 

0 . 0270 

8.642 

410.7 


wR*T 

^here R ■« radius of wire, I • length of wire. T period. T — 


moment of inertia of load (J4J is called log decrement In the original paper, and 
tabulated values are logit); ^ in poises. 


VISCOSITY OF UQUID METALS AHD ALLOYS 

C. H. M. Jbnkinb (CHMJ), N. E. Dobsbt (NED), O. F. 

HtjDsoK (OFH), T. K. Rose (TKR) 




lOOn 1| % Composition i 


1 lOOr 

Bi, 100(13) 

304 

1.662 

Bi, 77.88; 8n, 




461 

1.280 

22.12 

306 

1.682 



0.008 


444 



1 1 



600 

ImM 


% Composition [ 

t. “c 1 

\0(h 

% CornpoMition 


Bi, 68 0; 8n, 42.0 

306 

iTooo 

Fe79<J.5; ( , •'b.'i 

I 


445 

1.207 

('*) 

I40f) 


606 

1.014 


1350 


751 

0.886 


13fK) 

Bi, 46.82; Sn, 




1 2.50 

53,18 

303 

1.642 

Fc, 96.0; C:, 4.0 

J4(K) 

1 


399 

1.336 


13.50 


444 

1.234 


1300 


601 

1 . 003 


12.50 


750 

0.881 

Hg, »00 (*» »* 


Cd, 100 (1) 



10, 12) (NED)V 

-20 

(CHMJ) 

349 

1.44 


0 


406 

1.34 

1 


4-20 


466 

1.27 


50 


506 

1.18 


100 


650 

1.15 


15f) 


603 

1.10 


200 

Cu, 100 (»<) 

1145 : 

3.41 


250 


1179 

3.19 


300 


1187 

3.25 


350 

Cu, 85;Sb, 15(>'‘) 

1008 

3.77 

Hg, 98;Cd,2(iO) 



1108 

3.28 

(TKR) 

14 ; 

Cu, 72; Sb, 28 




20 

('<)■ 

737 

6.73 


40 


895 

4.42 

Hg; Cu (10) 



998 1 

3.60 

(TKR) 

10 


1090 

3.08 


20 

Cu, 61.34; Sb, 




40 

38.66 (»4) 

786 

5.41 

Hg, 99; Pb, 1(10) 



890 

4.02 

(TKR) 

13 


998 

3.24 


20 


1003 

3.23 


30 


1090 

2.82 


48 

Cu, 56.94; Sb, 



Hg, 99.4; Zn, 0.6 


43 06 

797 

4.69 

(10) (TKR).... 

13 


790 

4.71 

20 


895 

3.72 

Pb, 100 (14) 

441 


989 

3.14 


456 


1087 

2.66 


551 

Cu, 61.64; Sn, 




703 

38.36 

803 

5.609 


844 

Cu, 82.0; Sn, 18.0 



Pb, 61.3; Bi, 48.7 

403 



1025 

3.62 


543 


1110 

3.26 


682 

Cu, 71,0; Sn, 29.0 




833 



898 

4.34 

Pb, 70.0; Bi, 30.0 

403 


1001 

3.56 


413 

Cu, 61.64; Sn, 




543 

38.36 (ti) 

799 

5.19 


704 


900 

3.93 


852 


1005 

3.16 

Pb, 90; Bi, 10 ... 

546 


1096 

2.74 


650 

Cu, 60.0; Sn, 60.0 




704 

(1^) 

756 

3.65 


840 


903 

2.60 


867 


1005 

1 

2.28 

Pb, 83.06; Sb (») 


Fe, 97.5; C, 2.6 

1 


(QFH) 

292 

(»») 

1400 

2.25 

84.60 

292 


1350 

2.65 

87.03 

292 

Fe, 97; C, 3.0 (**) 

1400 

2.026 

89.98 

292 


1350 

2.376 

92.39 

292 


1300 

2.800 



• l/i» - 69.40 + 0.2641 - 0.000341f* (*• •* «•» >*). At p 

- 1500 


is 4.8 % greater than at 1 atm. (*). 


1 IOOtj 

• w 

t 

2 fK) 

■ 2.10 

:2. w) 

I irj 
1 . A5 
i 1 75 
2.10 

'] .85 
|1.68 
1 , 55 
1.39 
1.21 
1.09 
1.01 
0.96 
0.92 
0.90 

1.679 
1.652 
1.551 

1.671 
1.620 
1.520 

1.664 
1.627 
1.586 
1.511 

1.672 
1.639 
2.116 
2.059 
1.700 
1.349 
1.185 
1.571 
1.276 
1.100 
0.977 
1.728 
1.668 
1.370 
1.145 
1.021 
1.522 
1.626 
1.274 . 
1,114 
i.lOO 

2.768 

2.679 
2.355 
2.413 

2.664 


atm., n 

t 
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4 






^/i 

AO 




t.*C 

.>20 



Fig 3 

Annealed Wirca(N 


0 4 
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% Composition | 

f,®C 1 lOOij 

* % Composition | 

f. ®C 

lOOn 

Pb, 6.02; 8n (») 



8b, 57.0; Cu, 43.0 

715 

2.93 

(OFH) 

280 

1.706 


802 

2.47 

9.29 

280 

1.746 


900 

2. If 

15.54 

280 

1.830 


998 

1.867 

19.55 

280 

1.019 


1096 

1.683 

30.31 

280 

2.066 

Sb, 76.0; Cu, 24.0 

644 

1.886 

32.99 

280 

2.052 


804 

1.483 

36.08 

280 

1.965 


903 

1.304 

39.21 

280 

2.053 


1011 

1.176 

49.38 

280 

2.189 

Sn, 100 (») (OFH) 

280 

1.678 

64.27 

280 

2.349 


296 

1.664 

69.80 

280 

2.451 


357 

1.421 

79.67 

280 

2.716 


389 

1.311 

8b, 100 (M) 

702 

1.304 

Sn, 100 (1.3) 

301 

1.680 


801 

1.113 


320 

1.593 


902 

1.010 


351 

1.518 


1002 

0.905 


450 

1.270 


% Composition 

1 f, ®C 1 lOOfj 

% Composition 

1 <,*c 

1100, 

8n, 100— (Conf'd) 

604 

1.046 

Sn, 7S.0; Cu, 26.0 




760 

0.005 

(>*) 

685 

1.833 





830 

1.510 



. 


1001 

1.266 


LITERATURE 

(For A key to the periodioale see end of rolume) 

(1) Arpi, 9: 142; 14.. .(*) B^nerd, in BriUooin, mr la ^iacotiU d99 

Itquidf et dtM o<tM, I: 162. Parie, Qauthier-VOU^ 1007. (4) Cohen 
and Bruine. CAP, IT: 873; 24. 7. 114 : 441; 24. (<) Emo, rhetie, Torino, 

81. 4^,6 : 730:82. (•) Honda and Konno, i5P, U: 486; 22. (4)101(150 
and Sakai. 15P, 10: 1; 21. (7) Kikuta, iPP, 10: 139; 21. (4) Kooh, P, 14: 

1;81. (•) PlQaa. P5, 68 : 1; 16. 

(14) von Schweidler, 76. 104 Ha: 273; 06. (1>) Voivt, P, 4T: 671; 92. (») 
Warburg. P. 20: 367; 70. (*4) Sauenrald and T6pler. PP, 19T: 117; 26., 
(14) Bieniaa and Sauerwald. P5, 161: 61; 27. (i*) Thielmann and Wlnuner. 

77. 47 : 380; 27. (i*) Cbevenard and Porterin, P7P. 1926 Spec. Ho* 434 

(17) Hettwer, 76, U4 Ha: 61; 26. 


SULFURIC ACm, LIQUID CARBON DIOXIDE AND CERTAIN 

ORGANIC LIQUIDS* 


N. Ernest Dorsey 


» 

Formulae and Units 

At a pressure or 1 atm., i| « o/(b -f- !>•. 

At a pressure of P kg/cm*, = niH + kt{P - 1) X KT*]. 

is the value of iy when P is 1 kg/cm*, which may be taken as the value of v; at 1 atm. 
The unit of i; is the poise unless otherwise stated. 


* 

Wat^r between 0 AND 100®. I. C. T. Values 

The following table wm prepared from a critical evaluation of all available data. It is estimated that the accuracy is of the order 

of 0,1% between 0 and 40 and of 0.6 to 1% at higher temperatures. Linear interpolation may be safely employed throughout the 
table. 

Values in millipoises (t» 12 | 16, 17 , ii, 24 , 30 , 31, 32 , as) _ 



(. ®C 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


0 

17.938 

13.097 

10.087 

8.004 

6.63e 

5.493 

4.699 

4.071 

3.57o 

3.166 

2.83» 


17.320 

12.738 

9.843 

7.834 

6.418 

5.408 

4.629 

4.016 

3.526 

3.130 

2.82 


2 

16.740 
12.390 
9 608 
7.670 
6.298 
5.32o 
4.661 
3.963 
3.488 
3.09s 
2.79 


3 

16.198 

I2.O61 

9.380 

7.5I1 

6.184 

5.236 

4.498 

3.909 

3.44o 

3.O61 

2.76 


4 

15.676 

11.748 

9.I61 

7.357 

6.078 

5.15s 

4.43i 

3.857 

3.396 

3.027 

2.73 



5 

15.18a 

11.447 

8.949 

7.208 

5.970 

6.073 

4.368 

3.806 

3.357 

2.994 

2.70 


6 

14.726 

11.156 

8.746 

7.064 

5.868 

4.994 

4.306 

3.756 

3.317 

2.963 

2.67 


7 

14.288 

10.875 

8.651 

6.926 

6.77o 

4.918 

4.248 

3.708 

3.278 

2.930 

2.64 


8 

13.87a 

10.608 

8.36s 

6.791 

5.676 

4.S4s 

4.186 

3.661 

3.24o 

2.890 

2.62 


9 

13.476 

10.340 

8.I81 

6.661 

5.58» 

4.770 

4.128 

3.616 

3.20s 

2.860 

2.59 


H/> BELOW 0®C (»•) 

Values corrected and adjusted to accord with I. C. T. values 

above 0®C 


lOOOir 


« • 


-2 

-4 1 -6 

-6 

-8 

19.1 

20.5i 21.4 

22.2 

24.0 



HiO above 100®C (t®) 

“ recorded by author accord with I. C. T. values below 

100"C; the others are given as be has published them. The 

pressure u t^t of the saturated vapor at the temperatures 
indicated. 



130 

140 

150* 

160 

2.12 

1.96 

1.84 

1.74 


• Fof main teetioD of \T«coalty of Pure Uquid*. •« final index. 


HiO: Vabiation with Pbbssuiui 



0 1 

10.3 1 

30 

1 76. 

P 

t 

ki 


p 1 








23.8 

9 

-2.0 

(»•) 

500 

-1.24 

-0.62 

+0.49 

+0.7S 

100 


-2.14 

(♦) 

1 000 

-0.79 

-0.46 

+0.63 

+0.76 

300 

1 

-1.28 

(^) 

1 500 

-0.45 

-0.29 

+0.67 

+0.76 

600 

1 

-1.06 

(^) 

2 000 

-0.218 

-0.160 

+0.64 

+0.81 

100 

15 

-0.65 

(«) 

3 000 

+0.080 

+0.05I 

+0.76 

+0.84 

200 

15 

-0.63 

(<) 

4 000 

+0.278 

+0.20a 

+0.87 

+0.90 

300 

15 

-0.5! 

(<) 

5 000 

+0.44 

+0.33a 

+0.96 

+1.00 

400 

15 

-0.54 

(^) 

6 000 

+0.68 

+0.43 

+1.02 

+1.09 

500 

15 

-0.46 

(^) 


k 
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HiO: Vabiation with pBxaauRE. 


t, I 0 I 10.3 I 30 76 


*1 {») 


+0.52 +1.07 +1.17 600 
+0.60 +1.12 +1.25 700 
+ 1.16 +1.36 900 
+ 1 17 100 

+1.19 300 

Variation of Jti with i, P = 413 600 

kg/cm* {*^) 413 

20 30 40 50 310 

-0.33 -0.07 +0.17 +0.34 362 

60 70 80 90 516 

+0.48 +0.62 +0.73 +0.82 


(Continued) 



7 

8 

9 

10 
11 000 


5^ 

i:iT 


Lit. 


15 -0.39 (^) 

15 -0.33 (^) 

15 -0.30 (*) 

23 -0.47 (<) 

23 -0.26 {*) 

23 -0.17 (^) 

20 -0.33 (>^) 

50 to 80 +0.4 (i^) 

55 +0.6 (1^) 

40 +0.4 (>^) 


In disagreement with the preceding data, the observations of 
( 2 »i »7) indicate that at 20°C and pressures not exceeding 150 
kg/cm>, kt = —1.7. 

Sulfuric Acid 

’ = 3(1 - O.OOtL - 0.001(«) ‘ between 11 and 90^0 

(5, 6» 7i ®i 25t 26 )^ Xhe observations are discordant by ±5% and 
more; the composition of the acid is indefinite but presumably 
between 98 and 100%. At 0®, is 45% greater than that given 
by the formula (*); cf. (*®); there is only one recorded observa- 
tion at 0® and none between 0 and 11®. 


®C 0 11 15 20 30 40 60 60 70 80 90 

10^ 484 321 299 267 199 145 107 80 62 49 40 


Liquid Carbon Dioxide 

Under essentially the pressure of its saturated vapor (3«) 


®C .. 6 10 16 20 25 29 

p, atm. 40.4 45.7 51.6 58.2 65.6 73.6 

0.925 0.852 0.784 0.712 0.625 0.539 


At higher pressures 
20°C (23) 


p, atm 
lOS... 


59 

72 

83 

0.697 

0.771 

0.823 


25.1®C (36) 


p, atm 


70 

75 

85 

95 

105 

0.628 

0.665 

0.703 

0.741 

0.800 


30®C (23) 


p, atm 72 

I0*ri 0.458 



80 

0.565 


82 

90 

96 

104 

110.6 

0.592 

0.643 

0.693 

0.733 

0.770 


30®G (23) - 


At the critical point, lOS is 0.321 (23). 

ORGANIC LIQUIDS 
CHCli, Chloboforu 

a « 93.3 ±0.5, 6 » 163, n =* 1.865, if t lies between 


/, ®C.... 

10 *i|. . , . 


-10 

7.86 


I 


(32); qf. (13, 21, 40) 


0 +10 20 30 40 50 

.99 6.25 6.63 6.10 4.64 4.24 


-16 and 60® 


60 

3.89 


500 

1 000 

2 000 

4 000 

6.77 

6.25 

7.16 

8.92 

6.8i 

7.22 

7.36 

7.96 


(*) 



Chloroform. — (Continued) 


8 000 


6 000 
11 Os 
9 68 


10 000 


(») 


12 98 


18 lu 


CHjOH, Methyl Alcohol 

o * 21 000 ± 100, b =» 175.5, n — 2.858, if / lies between 0 and 

66®c (32): cf. (2. 10) 


20 30 40 50 60 

5.93 5.15 4 49 3.05 3.49 


f, ®C 

0 

10 

10»17' 

8.08 

6.90 



500 

1 000 

2 000 

4.86 

4.69 

4.66 

4.79 

4.59 

4.4o 


6 000 
6.2i 

4.45 


8 000 
5.78 

4 72 


10 000 
6.48 
5 li 


12 000 
7.4« 
5.58 




CjHiOH, Ethyl Alcohol 

a ™ (8.20 ± 0.04) X lO', 6 = 200, n =» 4.2, if t lies between 0 and 
75°C (32); c/. (2, 10, 11. 33. 34, 35) 


f, ®C 0 10 20 30 40 50 60 70 

lOS 17. 9o 17.52 17.16 16. 8i 16.47 16.13 15. 8i 15.4® 



400 
500 
1 000 
1 000 
2 000 
2 000 
2 500 
4 000 
6 000 
8 000 
10 000 
12 000 


8.2 


7.9 


9.6 


10.2 


8.0 


8.2 


8.6 


9.0 


5.5fi 

6.4 

5.86 

6.9 

6.54 

7.3 

7.85 

9.57 

11.92 

15.25 


5.0 


5.5 


6.07 

6.44 

7.22 

8.25 

9.25 
10.60 
12.27 

14.4 


Lit. 


(•) 

(*) 

(») 

(^) 

(»> 

(^) 

(») 

(*) 

(») 

(») 

(») 

(») 


19.62 


(C|H|)iO, Ethyl Etheb 

Excepting from 0 to +30®C, only non-overlapping series of 
data are available for variation of tj with t; different series do not 
agree satisfactorily; for each, = c(10)-VU + (i<(10)-* + 
et* (10)-®] with average deviation of S. Actual uncertainty exceeds 
6 and, except between 0 and +30®C, may amount to several %. 


Range 


Lit. 


0 to +50 
±60 to +100 
0 to - 32 
-40 to -110 


26.2 0.1% 

(10,18,27, 


40) 

26.20.2 

(IS, 16) 

70.20.1 

(15, 16) 

26.10.1 

(«) 

25.20.6 

(*^);cf. (20) 


t, ®C 
lOS. 


500 
1 000 
2 000 

3 000 

4 000 
6 000 
8 000 

10 000 
12 000 


-90 -801 -60 
12,4 9.58 16.37 

-10 0 +20 30 I 40 60 

3.23 2.8422.332 2.12811.97 1.66 


(®) 


8.7 

9.2 

10.5 

13.2 


-20 

3.62 


(») 



*«> (») 


9.6 

10.0 

11.3 

14.1 


(») 



(») 


11.32 

12.0 

12.08 

16.60 

21.55 

28.45 

38.16 



10. 7i 
12.46 
14.78 
17.9a 
21.76 
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CtH«, Benzbkb 

a « 14.42 ±0.03, 6 *= 00, n = 1.64; if i lies between 0 and 76°C 

( 27 , 32 , 40 ); cf. ( 10 ) 


f, *c 

0 

1 10 

20 

30 

40 

50 

60 

70 

10»D 

9.01 

[)| 7.57 

6.47 

5.61 

4.92 

4.36 

3.893 

3.502 


For the liquid under the pressure of its saturated vapor the 
viscosity (np.i) may be calculated by means of the equation 
rjp.t =’ Vl.t [1 — 0.0l23(p — 1)1, if t lies between 0 and 190°C, 
where iji.i is value of i) at and 1 atm. as computed by the pre* 
ceding formula (lyi., « 14.42/(00 + and p is the pressure 

(in atm.) of the saturated vapor. Observations between 0 and 
lOO^C lie on the average 1.3% below the computed values, from 
100 to 190® observed and computed agree to within 0.1% (**» *®). 


P 

500 

1000 

2000 

3000 

Lit. 

kio 

An 

9.8o 

».8o 

12.23 

10.70 

12.45 

14.70 

} (») 


LITERATURE 

(For h key to the periodical* see end of volume) 

(>) Bingham and White. 96, 80 : 670; 12. (*) Bingham, White, Thomae sad 

Caldwell. 7. 88 : 641; 13. («) Bridgman, 65. 81: 67; 26. (4) Cohen. 8. 48: 

006; 62. (*) Drucker and Kassel, 7, T8: 367; 11. (4) Duns tan, 18$, 80: 

104; 14. (7) Dunatan and Wilson, 4, 81: 83; 07. (*) Dunstan and Wilson, 

4, 82 : 2179; 09. (*) Faust. J88, 1818: 489. 7, 88: 479; 13. 

(10) Oartenmeiater. 7. 8 : 524 ; 90. (i>) Graham. 6$, 188: 397; 61. (18) Qro- 

trian, 5, 8 : 629; 79. (lo) Guye and Fridericb, 87, 18: 164; 98. (>4) Hauaer, 

8, 8: 597; 01. (!■) Heydweiller, 8, 88: 561; 05. (*4) HeydweiUer. 8, 88: 

193; 96. (IT) Hoeking.8. 48:274;00. T: 469; 04. IT: 602; 09. U:260; 

09. 5/6,48:34:08. 48:34:09. (>•) Kendall and Wright, i, 41: 1776; 20. 

( 10 ) Krcmann and Erhlioh, 75, 118 XI B: 7^; 07. 

(00) Kugelmaas, 70. 41: 751. 756; 22. (>>) Llnebarger, 1$, 8: 881; 96. (>*) 

Lyle and Hoeking. 5. 8: 487; 02. (*0) Phillips, 5, 8T: 48; 12. (84) Poi. 

BeruUe, Paris, Alim. SapantM 6trano.,%t 438", 46. 84* U: 961, 1041; 40. 18: 

112:41. 18:1167:42. (>•) Poiseuine. 6, 81: 76; 47. (8 •) Pound, 4, 89 : 

608; 11. (ST) PAbram and BandL 75, SOH: 17; 79. (80) Rontgan, 8, 88: 

510; 84. (SO) Sachs, £>%»*., Freiburg, 1883. 

(SO) Slotte. 6. 20: 257; 83. (Si) Sprung. 8. 188: 1; 76. < >8) Thorpe and Rod- 
ger, Bi. 188: 397: 94. (») Tower. 1, 88: 833; 16. (84) Traube, 85. 18: SH; 

86. (SI) VaUmer. 8. 88: 328; 94. (OO) Warburg and von Babo. 8, IT: 390; 
82. (ST) Warburg and Sachs. 6. 88: 518; 84. (OO) Waahbum and Williams, 
/. 88: 737; 13. (* 0 ) White and Twining, 11, 80 : 380; 13. 

(40) Wgkander. 457, 8:8; 79. ( 41 ) Archibald and Ure. 4, 18fT: 610. 


AQUEOUS SOLUTIONS OF STRONG ELECTROLYTES 

Stuart J. Bates and Warren P, Baxter 


In the following tables, the concentration F, is given in formula 
weights pe“ 1000 g of water, and n* is the viscosity referred to that 
of water at the same temperature as unity, except as otherwise 
noted. Temperature in ®C is indicated by the subscript. 

Few of the investigators have determined and applied any 
oorreotion for failure of their viscometers tq obey Poiseuille’s 
law exactly. Where feasible, corrections of this nature have 
therefore been applied. 

In general, the last figure given is to be regarded as not being U 
error by more than 6 units. Where it is given in smaUer type, the 
probable error is somewhat greater, and the last figure may or 
may not be significant. In cases where it has been possible U 
estimate the probable error with considerable certainty, this is 
given. Thus for HCl at 25® and IF the relative viscosity is 
1.060 ± 0.003. This indicates that the probable error for all 
solutions up to a concentration of IF is about 0.3%. 

For some electrolytes, additional data, chiefly at higher or lowe 
temperatures or at higher concentrations than those covered by the 
tables, may bo found by consulting the literature. 

Should it be desired to interpolate the viscosity data to othe: 
units of concentration, for example to (volume) normal, this may 
usually be readily done algebraically by noting that, in general, fo_ 

small changes of concentration, the expression ^ changes 

but slowly with the concentration. 

• AH Intereofiversioiis bstween i| and ksve been hsird upon the vnlues 
lor water on page 10. 


LUTlOlfS CONTAIHIKG A SINGLE STRONG 
ELECTROLYTE 

; Standard Arrangement (o. VoL III, p. viii) 

HCl (»T| 48, 68, 89, 9i); cf. (103) 



1 

2 

3 


1 

2 

3 


1.020* 

0.1 ‘ 

l.OOTt* 

6 

1.355 

1.040 

0.25 

i.oirt 

1 7 

1.418 

1.068 

0.6 

1.032t 

8 

1.485 

(•*) 

1 

1.060t 

9 

1.56 

2 

1.116 

11 

1.71 

1.041* 

3 

1.175 

13 

1.86 

1.083 

4 

1.233 

16 

2.12 

1.12s 

6 

1.204 

^ ±0.006 

. t ±0.003. 


HCIO. 


F 

0.25 
0.5 
1.0 
F 

0.1 
0.25 
0.5 
1.0 
• ±0.003. 


(^») 

1.004 

1.010 

1.030 

(®«) 

1.006* 

1.013* 

1.025* 

1.051* 


HC104~(C<mFd) 

M % 

45 
60 
65 
75 
80 
100 

F 1,,. (••) 

0.25 1.000 

0.5 1.003 


»/io 

17M 

F 

1/*. (»»• 


6.82 


66 , 91 ) 


6.10 

0.25 

i.oost 


3.66 

0.6 

i.oiet 


2.46 

1.0 

1.031t 

1.77 

2.06 

2 

1.058 

0.76 

1.03 

3 

l.OSl 


HC04(*®®) i 

1.0 

1.011 

M % 

’Ho 


HBr 

6 

1.05 

1.13 

F 


10 

1.29 

1.42 

1 

0.987* 

15 

1.74 

1.89 

2 

0.974 

20 

2.51 

^.72 

3 

0.964 

25 

3.41 

3.64 

F 

71. (•*) 

30 

4.44 

4.77 

1 

1.014* 

35 

6.76 

6.04 

2 

1.029 

40 


6.77 

3 

1.048 


HBr. — {ConVd) 


• ±0.005. t ±0.003. 


( 80 ) 

*lu 

1.016 

1.034 

1.053 


F 

0.25 

0.5 

0.75 


F 

0.1 

0.2 


HI(M) 


0.906 

0.0054 


H.SO 


F 



Values of 

»» 



!20® (*•) 

1 

25® {*•. 

96) 

40^ (*») 

60® (*•) 

80® (*») 

wt. % 

80® (»•) 

0.1 


1.017 




10 

1.24 

0.25 


1.043 




20 

1.65 

0.6 

1.090 

1.091 

1.096 

1.103 

1.12b 

30 

2.06 

1.0 

1.184 

1.185 

1.188 

1.197 

1.211 



2.0 

1.406 

1.406 

1.409 

1.41 

1.41 



4.0 

1.89 

1.89 

1.89 

1.89 

1.90 




Wt. 

% 



Values of 

8 



0® (•») 

10® (») 

20® (*») 

25® (»• 

t8f 18) 

40® (»* 

»•) 

00® (*») 

76® (•▼) 

10 

1.2 

1.2 

1.211 

1.219 

1.215 

1.228 

1.28 

20 

1.48 

1.5 

1.538 

1.536 

1.537 

1.54 

1.58 

30 

1.9 

1.97 

2.02 

2.02 

2.02 

2.02 

2.04 

40 

2.6 

2.6o 


2.68 

2.78 


2.8 


VISCOSITY— AQUEOUS SOLUTIONS: STHONC; EI.E(;TU0LYTEH 
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HfSOi. — (C<m<inu«i) 
Values of v 


V? 

% 

0* (•»)! 

10® (») 

20® (*») 

26® (>. 
18, 1») 

40® 

l») 

60® (»•) 

75® (*T) 

50 

3.6 

3.74 


3.88 

3.80 


4.2 

60 

6.0 

5.8 


6.9 

6.8 


6 

70 

11 

10 

1 

10.0 

9.3 


8 

75 

17 

16 


14.3 

12.8 


10 

80 




20.3 




86 




24.7 

# 



90 

26 



23.5 



14 

95 

26 



21.9 



14 

98 

29 

27 


23.2 

20 

4 A 


15 


HNO, 


Values of n 


F 

4- (9) 

11® (») 

18® (») 

25® (»» 

66) 

0.1 

0.9956 

0.9990 

l.OOli 

1.0036 

0.25 

0.9927 

0.9987 

1.0030 

1.0074 

0.5 

0.990s 

1.0007 

1.0072 

1.013s 

1 

0.9886 

l.OlOo 

1.0197 

1 .0295 

Wt. 

% 

10® (») 

20® (a* 

25) 

40® (3) 

-15®t 

(<•) 



25® 


B. 43) 


10 

1.006 

1.035 

1.075 


25 

1.14 

1.20 

1.28 

0 . 0272 

40 

1-46 

1.66 

4 

1.63 

0.0353 

50 

1.76 

1.82 

1.91 

0.0445 

60 

2.00 

2.03 

2.07 

0 . 0562 

70 

1.99 

2.03 

2.06 

0.0581 

80 

1.80 

1.86 

1.94 

0.0427 

90 

1.27 

1.36 

1.48 

t Iq pdbee. 

100 

0.79 

0.89 

1.04 


0.25 

0.5 

1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

± 0 . 003 . 


1.005* 
1 . 010 * 
1.019* 
1.038* 
1.055* 
1.071 
1.086 
1.100 
1 ll4 
1.127 
1.139 
1.151 
1.163 
1.173 
1.182 


NH 4 NO 


P 

Values of v 1 

wm 

mu 

Mil 

r 

10 ° (»«)l20° {*<) 40“ (»«)150“ (»«)1 


25® (33» 43 

) 

1 

0.948 

00*01 

0.996 

1.01a 

0.25 

0.993 

4 

0.981 

2 

0.913 


1.006 

1.03 

0.5 

0.986 

5 

1.009 

6 

0.920 


1.09 

1.13 

1.0 

0.973 

6 

1.042 

7.6 

0.985 


1.19 

1.25 

2 

0.956 



12 

1.185 

1.296 ! 

1.455 

1.536 

3 

0.960| 




NH 4 CI 


F 

Values of ri 

0® f*^) 

10® («4) 

18®* (3» 

12. 72) 

26®t (*» 

28t 32> 

«) 

40® (»^) 

60® («^) 

0.25 




0.997 



0.5 



mil 

0.994 



X 

0.931 

0.966 

0.978 

0.991 

1 0l4 

1.03a 

2 

0.891 

0.940 

0.965 

0.988 

1.028 

1.065 

3 

0.868 

0.924 

0.961 

0.993 

1.045 

1.096 

4 

0.84s 

0.917 

0.963 

1.002 

1.065 

1.13 

5 



0.970 

1.017 



6 

0.82ft 

0.924 


1.034 

1.12 

1.20 


♦±0.008. t±0.00«. 


im3r 


Values of n 


0® (>^) I 10* I 20® («^) I 25® (*3) 1 40® (»*) I 60® (»^) 


2 

3.5 
6 

At 26®, F 
5; 0.946 (S3). 


O.S3o 

0.784 

0.773 


0.890 

0.85e 

0.864 


0.933 

0.917 

0.93o 


0.945 

0.934 

0.967 


0^*987 

0.997 

1.046 


1.036 

1.07 

1.145 


0.25; 0.993. F * 0.5; 0.985. F « 1; 0.970. F 


F 

Values of 17 

10 ® (33) 

15“ (*») 1 

20 ° (”) 1 

26“ (»») 1 

;i0® («3) 1 

l.'i® 

0.26 


1 

1 


0.981 

1 

”~0.986 

! 0.991 

0.6 



1 

1 

0 963 


0 982 

1 

0.892 


0.917 

0 . 932 


0.970* 

2 

0.809 


0-869 

0.892 




0.760 


0.838 

0.878 



6 

0.764 

O. 8 IO ' 

0.844 

0.894 

1 



6.5 

0.794 

().84o 

0.878 

0 92fl 



9 








•± 0 . 003 . 


(NH4)iS04 


F 



Values of 

V 



0® {»<) 

ft— 

0 

0 

QD 

20® (39* 

1 8^) 

25® (<3) 

40® (39» 

84)' 

60® (3». 

84) 

80® (^») 

0-25 




1.053 




0-5 



1.093 

l.lOo 

1.11a 

1.134 

1.162 

1.0 

1.13 

1.18 

1.198 

1.20d 

1.236 

1.269 

1.30 

2.0 

1 

1 

1.452 ; 


1.52 

1.57 

1.61 

2.5 

1.46 

1.55 


1.61 i 

1.67 

1.74 ' 


4.5 



2.32 

1 

2-43 ' 

2.50 

2 56 


0.25 

0.5 

1 

2 


H 4 PO 4 

Vis 

(57) 

1.064 

1.140 

1.294 

1.650 


Vst 

( 66 ) 

1.062 

1.130 

1.273 


H)As 04 

F n« (®«) 
0.1 1.023 

0.25 1.060 

0.5 1.126 

1 1.257 

CH.ira.OH 


F 

0.1 

0.25 

0.6 

1 


nu («) 
1.013 

1.034 

1.071 

1.146 


(CH,),NH,OH 


F 

0.1 

0.25 

0.5 

1 


(«) 

1.025 

1.064 

1.134 

1.279 


rm4CtHiOs 


F 

0.26 

0.6 

1 


Vis (»') 

1.058 

1.117 

1.238 


(CH«),IfHOH (4S) 


F 

0.1 

0.25 

0.5 

1 


Vts 

1.053 

1.139 

1.282 

1.699 


(CH,)4N0H (48) 


0.1 

0.25 

0.5 

1 


1.028 

1.070 

1.140 

1.286 


CH,NH,C1 (^3) 

F 

Vts 

0.1 

1.005 

0.25 

1.014 

0.5 

1.028 

1 

1.057 

(CH,),NH,Cl (43) 

0.1 

1.010 

0.25 

1.025 

0.5 

1.051 

1 

1.099 

CaHjra,Cl (43) 

0.1 

1.015 

0.25 

1.038 

0.5 

1.076 

1 

1.154 

(CH,),NHC1 (43) 

0.1 

1.039 

0.25 

1.098 

0.5 

1.201 ■ 

1 

1 

1.439 

(CHOiNCl (43) 

0.1 

1.014 

0.25 

1.037 

0.5 

1.073 

1 

1.146 

(C,Hi),NH,CI (43) 

0.1 

1.029 

0.25 

1.073 

0.5 

1.146 

1 

1.294 

c,Hjra,cr(^4) 

0.1 

1 040 

0.25 

1.082 

0.5 

1.150 

1 

1.292 

2 

1.568 

3 

1.856 

4 

2.188 

5 

2.560 

6 

2.990 

7 

3.445 


(C,H 4 )»NHCI («) 
F 

0.1 


0.25 

0.5 

1 


1 038 
1.098 
1.199 
1.414 


(C,H5)4NC1 (»0) 

F "nu Vis 

0.25 1.089 1.089 
0.5 1 190 1.188 

1 1.436 1 432 

(C*Ht)*NC1 (»o) 


0.25 

0.5 

0.76 


1.216 

1.494 

1.786 


1.190 

1.43s 

1.750 


(C,H,)4NBr (••) 


0.25 

0.5 

1 


1.087 

1.186 


1.081 

1.174 


1.406^ 1.385 


(CH,)4NI (* 0 ) 


0.1 

0.25 


1.005 

1.012 


1.004 

1.012 


(c*H7)4m (»•) 


0.25 

0.5 


1.199 
1.458 

Pb(NO,), 


1.182 

1.42s 


F 

0.1 

0.25 

0.6 

F 

0.1 

0.25 

0.5 

1.0 

1.6 


vit (*«) 

l.OlOs 

1.0436 

1.0971 

VIS (”• »•} 

1.019 

1.049 

1.105 

1.255 

1.447 


Pb(C,H,0,) 

t 1 

1 

F 

Vis 

Vti> 

0.25 

1.140 

1.139 

1 

1.647 

1.60s 

F 

Vts 

Vm 

0.25 

1.138 

• 

1.137 

1 ! 

1.660 

1.550 
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TlOH («o*) 
TIRO, (»») 

F 

0.1 

0.26 


CtiSO, 


vu 

0.994 

0.987 


ZnCr, 

F ni 8 (*) 

0.6 1.187 

F (4. »») 

0.1 1.039 

0.25 1.096 

0.6 1.187 

ZiiSO, 

F < 11 . m 

0.6 1.361 

F n«(^**** 

95) 

0.1 1.063 

0.26 1.167 

0.6 1.366 

1 1.896 

2 3.78 


2n(RO,), (M) 

F 

0.1 

0.25 


0.6 


vu 

1.030 

1.079 

1.164 


CdCl, (•») 


0.1 

0.26 

0.6 


1.023 

1.063 

1.132 


CdSO, (•>) 


0.1 

0.26 

0.5 


1.060 

1.168 

1.344 


Cd(RO,), (»•) 


0.1 

0.26 

0.6 

Hca, 

0.1 

0.25 


1.028 

1.074 

1.161 

»•» »») 

1.012 

1.032 


F 
0.1 
0.25 
F 


Hg(CR) 

A 


0 

0 

0 


1 

25 

4 
F 

0.1 

0.26 


?i. (••) 

1.014 

1.036 

(»>* 

«) 

1.013 
1.034 
1.066 
HU (••) 
1.012 


1.031 
CuClt 

F I 9u(**> 
(^*) •») 
O.lJ 1.040 1.040 

0 . 2 d l.iooj 1 102 
0.6 1.201| 1.208 
1 1 ^ 1.436 

* I 1.94ffl 1.942 
3 I 2.664 


F 

9i* (*) 

9M 

32, 98) 

F 

0.1 

0.1 

1.063 

1.061 

0.25 

0.25 

1.169 

1.161 

0.6 

0.5 

1.369 

1.367 

1 

0.75 

1.607 

1.698 

2 

1 


1.876 

3 


Ca(RO,), 


0.1 

0.25 

0.5 

1 

2 

4.5 

F 

2 

4.5 


nil (*) 

1.034 

1.089 

1.188 

1 436 

2 04 
5.45 

nil 

(94) 

1.98 

4.95 


nil (^» 
95) 

1.030 

1.080 

1.174 

2.01 

6.25 

n4i 

(94) 

1.95 

4.63 


Cu(CHO,), (73) 
F 

0.05 


0.1 

0.2 

0.3 


ms 

1.032 

1.058 

1.108 

1.167 


Cn(CtH,0,), (73) 


0.06 

0.1 

0.2 


1.041 

1.081 

1.156 


Co(C,H,O0i (^*) 


0.05 

0.1 

0.2 

AgRO 

F 

0.25 

0.5 

1 

3 

6 

12 


1.058 

1.105 

1.200 

70, 95 

nil 

1.008 

1.020 

1.055 

1.265 

1.65 

2.71 


AgTl(RO,), 

0 to 100 % of salt at 
100 * 

MaQ, 


F 

0.1 

0.26 

0.5 

1 

2 

3 


(32, 95) 
9m 

1.038 
1.098 
1.207 
1.44 
2.04 
2.80 


ICnSO, (3if 95) 


0.1 
0.25 
0.5 
1 
2 
3 


1.064 

1.169 

1.368 

1.00 

3.86 

7.09 


Mn^RO,), (32, 95) 

nil 

1.033 
1.085 
1.176 
1.370 
1.84 
2.49 
FeCl, 


F 

0.05 
0.1 
0.25 
0.5 
0.75 
1.0 
1.5 
2.0 

3.0 
4.7 

F 

U.05 
0.1 
0.25 
0.6 
0.76 

1.0 
1.5 
2.0 
3.0 
4.7 
CoCI, ( 

F 

0.1 

0.25 

0.6 

1 

F 

1 


no («) 

1.035 
1.070 
1.18 
1.39 

1.64 
1.93 
2.07 

3.64 
6.9 

19.0 

nil («> 
56) 

1.036 
1.072 
1.18 

1.37 
1.60 
1.85 
2.45 
3.18 
6.2 

11.3 


nil (»«) 
1.036 
1.073 
1.18 
1.38 
1.62 
1.88 
2.53 
3.30 

5.7 
12.7 

nil 

(56) 

1.034 
1.067 
1.17 

1.35 
1.57 
1.80 
2.34 
3.00 
3.9 

9.8 

, 95, 99) 

nn 

1.038 
1.098 
1.202 
1.432 
nr. (•») 

1.408 


C 0 SO 4 (••) 
0.1 
0.25 


0.5 


1.060 

1.160 

1.363 


Co(RO,), (95) 
0.1 1.028 
0.25 1.074 

0.6 1.162 
Co(CRS), (99) 
F 
0.5 
F 


0.6 

RiCl, 
F 

0.1 
0.26 
0.6 


nil 

1.195 

97* 

1.185 

(••) 

9m 

1.036 

1.004 

1.204 


RiSO, (••) 
0.1 1.069 

0.26 1.161 

06 1.361 

Ri(RO,), (95) 


0.1 
0.25 
0.6 


1 

1 

1 


032 

083 

177 


F 

2 

4 

7 

12 

F 

2 

4 


CrO, (104) 

H,Cr04(*3) 

. 910 
1.12 
1.315 
1.716 
2.675 


n»o 

1.16 

1.395 


9*0 

1.14 

1.365 

1.765 

2.716 


9*0 

1.17 

1.42 


HjCrO,* — (Cont*d) 


7 

12 


910 

1.806 

2.74 


940 

1.836 

2.756 


F 

0.25 

0.6 

1 

2 


91. (T*) 
1.016 
1.032 
1.064 
1.129 


CrCl, (•!) 

^ I 9io I 9m 

Green solution 


0.26 

0.6 

1 


1.078 

1.168 

1.39 


I.IO 9 

1.22 

1.45 


Violet solution 


0.25 

0.5 

1 


1.160 

1.340 

1.75 


1.160 

1.315 

1.78 


Cr^SO,), (*«) 



Violet solution 


0.1 

0.2 

0.3 


1.223 

1.190 

1.182 

1.166 

1.510 

1.486 

1.486 

1.430 

1.950 

1.93& 

1.920 

1.84& 


0.1 

1 

0.2 

1 

0.3 

1 


(R R 4 ) jCr ,07 

F ijio 
0.26 0.990 
0.6 0.990 

1.006 
9*0 

1.013 
1.032 
1.081 


1 

F 

0.25 

0.5 

1 


(82) 

9*0 

i.-ooo 

1.011 

1.046 

940 

1.027 

1.055 

1.111 


Green solution 
1.126 
1.326 
1.65 

MgSO 


1.120 
1.33 
1.685 


.117 

l.llo 

l.lOo 

.310 

1.29o 

1.250 

.65 

1.606 

1.50 


(RH4),CrO 

F 
0.5 

1 


2.5 
F 

0.6 

1 

2.6 


910 

1.052 

I.II 2 

1.37 

9*0 

1.079 

1.164 

1.47 


. («) 
9*0 

1.069 
1.14a 
1.422 

940 

1.095 
1.19 
1.615 


0.05 

0.1 

0.25 

0.6 

1 

2 

F 

1 

2 


nil (*» 
28, 84) 

1.033» 

1.0678 

1.1738 

1.3796 

1.95 

3.96 


9 * 1 (**» 

»5) 

1.030 
1.061 
1.164 
1.366 
1.93 

3.80 

940 («^) 

1.89 

3.56 


Mg(RO.), 


A1,(S04), (•■) 

F 

0.06 
0.1 


F 

0.6 

1 

2 

3 


9M (»») 

1.166 

1.374 

1.95 

2.84 


9*1 

1.100 


0.15 

1.355 

F 

10 ° 

9 

20 * 

BeCl, (21) 

1 

1.62 

1.51 

0.15 

1.065 

2 

2.28 

2.23 


Hg(C,H,0,), (••) 
MgCrO, (® 2 ) 


40* 

1.49 

2.16 


1.110 


BeSO* (••) 


0.1 

0.25 

0.6 


1.060 

1.161 

1.366 


0.06 

0.1 

0.26 

0.6 

1 

2 

3 


MgCl, 

91* 

(»•) 
1.0220 
1.0428 
1.102 
1.2095 


9*1 (•*» 

98) 

1.016 

1.034 

1.093 

1.200 

1.468 

2.238 

3.361 


2 
4 
6 
F 

0.1 
0.25 
0.6 
1 
2 
4 
6 


CaCl, 

9i* 
(84) 

1.72 
3.^ 

9.4 

91. (*•- 
78, 84) 

1.0306 

1.0750 

1.1486 

1.308 

1.74 

3.64 

9 .O 0 


94* 

(84) 

1.82 

3.72 

8.2 

9 m (•*» 
84, 98) 

1.030 

1.076 

1.165 

1.33 

1.78 

3.60 

8.5 


Ca(RO,), (««» 88) 

F 

0.1 

0.25 


0.5 

1 

2 

3 


9*1 

1.020 

1.054 

1.120 

1.290 

1.760 

2.450 


Ca(CtHaO,), (**) 
F 

0.25 
0.6 


9ii 

1.212 

1.466 

2.135 


CaCrO* (S8) 


F 

911 

0.05 

1.026s 

0.1 

1.0513 

0.25 

1.1290 

0.5 

1.272 


0.1 
0.25 
0.5 
1 
2 
3 

F 

0.5 

1 

2 

3 


SrCl, 

91* (1^*) 


1.027 
1.067 
1.139 
1.300 
1.77 
2.60 


9*1 («• 
98) 

1.027 
1.069 
1.146 
1.33 
1.81 
2.56 

940 (•<) 
1.16 
1.35 
1.85 
2.63 


Sr(RO,), (»•) 
F 


0.1 

0.25 

0.5 


9ll 

1.019 

1.050 

1.112 
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Sr(C,H.OJ, («*J 
F ifii 

0.25 1.212 

0.5 1.455 

1 2.136 

Ba(OH), (*oa) 
BaCls 

84) 84) 

0.25 1.046 1.070 
0.5 1.096 1.14 

1 1.22 1.31 

F 1718 (*» Vftt 

12> 72) 95) 

0.1 1.024 1.024 

0.25 1.060 1.061 
0.5 1.120 1.126 

1 1.259 1.285 

BaBri (i?) 

F 1718 

01 1.018 

Ba(IfO,), (9B) 

F nn 

0.1 1.017 

0.25 1.043 

Ba(C8H,Ot)* (**) 

F I 1,1. 


UCl.— (Con<*d) 


0.25 

0.5 

1 


Vii 

1.202 

1.426 

2 . 01 » 


Ba(CnS), (»») 

F flu 1778 

0.5 1.106 1.131 

UOH (*0); cf. (t02) 

F Vo 17*8 

0.5 1.13 1.12 

1 1.24 1.23 

2 1.67 1.6i 

4 3.4o 2.88 

F VtC 1778 

0.5 1.11 1.10 

1 1.22 1.21 

2 1.56 1.61 

4 2.58 2.3o 

LiCl 

f I (*• ifn (17 

1, 17, 81. 41. 


»1, «1» 


18, 14) 7®, 88) 

0.1 I.OI 60 1.014 
0.26 1.038# 1.035 

0.6 1.074? 1.069 

1 1 1474 1.142 

2 1.298 1.302 

8 1.473 1.479 

4 1.669 1.673 

1.891 1.896 

8 2.14# 2.16# 

7 2.44# 2.46# 

8 2 . 8 O 1 2.81 

9 3.23# 3.23# 

10 3.76# 3.73 

11 4.40# 4.33 

12 6.14 6.06 

13 6.03 6.94 

14 7.14 6.99 

16 8.47 8.23 

16 9.99 9. 60 

17 11.80 11.12 

20 18.9 


F n* (*•» 

•U 

0.1 1 . 012 * 
0.26 1.033* 
0.6 1.069* 

1 1.129* 

3 1.454 

6 2.09 

9 3.24 


fi# 

•*) 


0.6 

1 

3 

6 

9 

14 

F 

0.5 

1 

3 

6 

9 

14 


1.071 
1.141 
1.46# 
2 . 12 # 
3.23 
7.34 
1,40 (*•. 1,00 (»•) 

•u 

1.067 1.064 

1.141 1.14# 

1.49# 1.61# 

2.1^# 2.21# 

3.28 3.28 

6.69 6.40 

nu (>•) fioo(**) 


).5 1.06# 1.06# 

I 1.140 1.140 

i 1.53 1.53 

( 2.24 2.26 

) 3.28 3.26 

I 6.16 5.9i 

• ± 0 . 002 . 

LiClOi (70) 

F I noo 


1 

3 

7 

17 

35 


0.1 


F 

0.1 

0.25 

0.5 

0.8 


Vu 

1.141 

1.456 

2.44 
9.19 

61 

(41,71) 

1 1.015 

0. (»*) 
Vto 

1.017 

1.044 
1.090 
1.146 


taoi (28) 

F V 

0.05 l.( 


4 ^ Vii 

0.05 1.0158 

0.2 1.0623 

1 1.3816 

3 3.020 

LiiS04 

F 77,1* (2. 28) 
0.05 1.0294 

0.1 1.0568 

0.25 1.1420 

0.5 1.300 

F nae (*» ,740 

95) (93) 

0.1 1.053tl.049t 
0.25 1.136tl.l28j 
0.5 1.287tl.27t 
1 1.665 1.63 

* ±0.001. t ±0.006. 

X ±0.01. 

LiNOi 


F 

0.05 

0.1 

0.25 

0.6 

1 

2 

3 


no (») 

1.0038 

1.0070 

1.0166 

1.0323 

I.O687 

1.157 

1.271 


LINO,.— (CorU’d) 

F T7ti (>• (’) 

28) 

0.05 1 0060 1.0060 
0.1 1 0109 1.0116 
0.25 1.0259 1.0277 
0.6 1.0508 1.0534 

1 1.0996 1 1068 

2 I.21I0 1.2230 

3 1.341 1.358 

4 1.492 1 514 

5 1.670 1.694 

6 1.874 1.898 

9 2.730 

LiC,H,0, 

F 77U m 

0.25 1.115 

0.6 1.234 

1 1.475 

NaOH 

See also (^82) 

F 1718 n*8 

(57) (43) 

0.1 1.020 1 023 

0.25 1.052 1.055 

0.5 1.108 1.110 

1 1.234 1.236 

2 1.59 

4 2 78 

8 7.04 

NaCl an^l Nal: v. 
next column 
NalO, (28) 

F Vis 

0.2 1.0493 

NaHSO* (S7) 

F Vis 

0.25 1.056 

0.5 1.114 

1 1.245 

2 1 550 

5 2.874 

NajSOi 

F ,710 (8^» ,7i5 (2» 

92) 84, 92, 

95) 


0.1 

1.036 

0.25 

1.096 

0.5 

1.217 

0.75 

1.372 

1 

1.56 

F 

7740 (6^* 
92) 

0.1 

1.044 

0.25 

1.109 

0.6 

1.226 

0.76 

, 1.366 

1 

1 1.54 


NaN, (11) 


F 

1.5 

3 

5 

6 


Vis 


1.089 1.120 
1.294 1.343 


1.82 


1.82 
2 10 


NaCl 

18" (2, 7, 12. 22, 21, 53); 25® (22. 38, 68, «9, 76); Q®, HO®, 100® 
82); 10®, 40®, «>0® (28, 83, 84) 

Values of v 

p 

0® I 10® I 18® I 25® I 40® I 60® | 80® | 100® 

0.1 " 1.004* 1,006* l .OOSst l .OOOm 010* 1.012* 1.013* 1 013* 
0.25 1.009* 1.016* 1.0206t 1.022J 1.026* 1 .030* 1 .031 * 1 .032* 

0.5 1.020* 1.032* 1.0406t 1.046J 1.05.3* 1.060* 1.062* 1 065* 

1 1.047* 1.071* 1.084ot 1.094t 1.108* 1 . 121 * 1 . 127 * 1 . 13i * 

2 1.147 1.178 1.192 1.205 1.229 1.24w 1.26 1.26 

3 1.282 1.312 1.329 1.341 1.306 1.39 1.40 1 406 

4 1.450 1.48i 1.498 1.509 1.524 1.54 1.55 1.556 

5 |i.692 |i.700 1.706 1.713 1 72 

• ±0.006. t ±0.001. X ±0.002. 


± 0.006. 


X ±0.002. 


NaClO, 


II NaClO, 


Values of ,7 


NaBrO, 


F 

15® (7». 

84) 

25® (66, 
84) 

40® (84) 

0.25 

1.012 

1.021 


0.5 

1,028 

1.041 


1 

1.067 

1.086 

1.10 

2.5 

1.24 

1.266 

1.286 

4 5 

1 61 

1.625 

1.64 


40® (84) 25® (88) 15® (80) 20® (8») 


1.008 

1.018 

1.044 


1.022 

1.047 

1.101 


1 028 
1 057 
1.117 


NaBr (*4) except at 25® (®8) 

Values of v 


r 

25® 

F 1 

10® 

20® 

25® 

1 40° 

0.1 1.005 

1 

1.029 

! 1.054 

i 1.G62* 

1.08 

0.25 1.014 

2 

1.108 

1.141 

1.154 

1.18 

0.5 1 029 

3.5 

1.29 

1.328 

1.338 

1.366 


60® 

1.10 ' 
1.216 
1.406 


±0.003. 


Nal (84) 

Val 5es of 17 


0 5 
1.5 
4 
8 


10 ® 

1.000 
1.012 
1.193 
2 036 


20 


30 


40 


50 


60' 


1.011 

1.017 

1.024 

1.028 

1.633 

1.042 

1.060 

1.079 

1.092 

1.106 

1.227 

1.25s 

1.284 

1.31U 

1.334 

2.03 

2.03 

2.046 

2.06 

2.07 


Vm 


NaN,. — (ConVd) 
F Vis Vm 

1.5 1.135 1.14 

3 1.358 1.38 

5 1.81 1.80 

6 2.07 2.03 


NaHiPO, (««) 

F I 


1.135 1.148 
1.358 1.386 


0.1 

0.25 

0.6 

1 


vu 

1.040 

1.102 

1.208 

1.464 


NaNO, 

F 7710(8^) ,74® (*<) 

1 1.041 1.08 

2 1.125 1;18 

3 1.24 1.30 

5 1.58 1.62 

F Vis (*» 77*8 

22, 28, (66) 

89) 84) 

0.1 1.0043* 1.0051 
0.25 1.010i*1.012t 
0.5 1.0216* 1.025t 

1 1.0521* 1.062t 

2 1.15 

3 1.27 

5 1.60 

• ±0.0005. t ±0.003. 


NaHiAsO, (66) 
0.1 1.040 

0.25 1.104 

0.5 1.217 

1 1.484 

Na^CO, 

See also (*°*) 

F 7)18 ( 87 , ( 43 , 

83) 83) 

0.1 1.048 1.048 

0.25 1.126 1.130 
0.5 1.274 1.285 

1 1.660 
2 3.040 2.98 

NaiCzO, (SO) 

F ViS 

0.05 1.022 

0.1 1.046 


NajC.O, (60) 
Acetylene iicarbox- 
ylat:: 

F vtt 

0.1 1.127 

NaHCO, (««, 81) 
Formate 
0.1 1.018 

0.25 1.045 

0.5 1.094 

1 1.202 

NaHCO, (87) 

F Vl9 

0.25 1.067 

0.5 1.118 

1 1.253 


NaCs^I,On 


nu 

(•») 


0.1 


nt» , 
( 66 ) 

1.035 


0.25 1.091 1 OFS 
0.5 1.184 l.i76 

1 1 389 1.373 
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RaCiHsO, ( 80 ) 

RaCrHtO, (66) 

Glycolate 

Salicylate 

F 

I7t4 

F 

1714 

0.1 

1.031 

0.1 

1.041 

0.25 

1.078 

0.25 

1.102 

0.5 

1.155 

0.5 

1.210 

1 

1.325 

1 

1.468 

NaCiHtO 

, (66,81) 

NaCaH, 

0 , (50) 

Propionate 

Phenylacetate 

0 1 

1.043 

0.1 

1.056 

0.25 

1.110 

0.25 

1 145 

0.5 

1.228 

0 5 

1 304 

1 

1.604 

1 

1.668 

NaCtH.Oi (66) 

NaCaH: 

rOa (50) 

Lactate 

o-Toluate 

0 1 

1 040 

0.1 

1.061 

0.25 

1 103 

0.25 

1 157 

0 5 

1.216 

m-Toluate 

1 

1.464 

0 1 

1 038 

NaC«H404 (57) 

0.25 

1.103 

Acid tartrate 

0.5 

1.248 

F 

1711 

1 

1 606 

0 25 

1.095 

p-Toluate 

0.5 

1.195 

0 1 

1 056 

9 

NaC«H70« (66) 

0.25 

1.146 

Butyrate 

0.5 

1.308 

F 

1711 

1 

1.695 

0 1 

1.052 


^O, (50) 

0 25 

1.133 

Phenoxyacetate 

0.5 

1.280 

0.1 

1.056 

1 

1 1.620 

0.25 

1.143 

I^aC4B[ 

tO, (66) 

0.6 

1.294 

Isobutyrate 

1 

1.654 

0.1 

1.066 

NaCaH 70 , ( 80 ) 

0.25 

1.140 

Anisate 

0.5 

1.287 

0 1 

1.055 

1 

1.627 

0.25 

1.142 

RaCiHiO, (66) 

0.5 

1.302 

Isovalerate 

a 

NaC.H 70 « (80) 

0.1 

1.060 

Phenylglycolate 

0.25 

1.163 

0 1 

1.055 

0.5 

1.316 

0.26 

1.143 

TCftCgH; 

llO, (66) 

0.5 

1.295 

Isocaproate 

a 

1 

1.668 

0 1 

1.063 

NaCaHTOi (80) 

^25 

1.166 

Cinnamate 

■V5 

1.355 

0.1 

1.054 

NaCrHsO, (««) 

0.25 

1.164 

Benzoate 

0.5 

1.334 

0 1 

1.050 

NaCaHtOa (»0) 

0.25 

1.127 

Hydrocinnamate 

0.5 

1.264 

0.1 

1.065 

1 

1.581 

0.25 

1.166 

naC7H»0, (86) 

0.6 

1.337 

m-Hy droxybenxoat e 

1 

1.778 

0.1 

1.030 

RaaCsHaOa (80) 

0.25 

1.086 

Malonate 

0.5 

1.220 

0.1 

1.034 

1 

1.608 

0-25 

1.107 

HaC7H»Oa (»•) 

0.6 

1 252 

P-Hydroxy benzoate 

a 

na,C.H,04 (»») 

0.1 

1.050 

Maleate 

0.25 

1.129 

0.1 

1 035 

0.6 

1.277 

0.26 

1.109 

1 

1.653 

0.6 

1.270 


Fumarate 




F 

0.1 
0 25 
0.5 


1724 

1 060 
1.152 
1.307 


Na,C4H404 (*0) 
Succinate 


0 1 

0.25 

0.5 


1.068 

1.175 

1.375 


Na,C 4 H 40 * (50) 
Isosuccinate 


0 1 

0.25 

0.5 


1 072 
1.177 
1.373 


NaiC 4 H 40 | (50) 

Malate 

01 \ 1 062 


0.25 
0 5 


1.167 

1.363 


i!7asC4B404 

Tartrate 


’7J8 
(57) 

0.1 1047 

0.25 1.137 
0.5 1.318 

1 1.79o 

Na, 0^404 ( 80 ) 
Itaconate 


i7n*(® 

62) 

1 0^ 
l.l-j 
1.3S 


F 

0.1 

0.25 

0.5 


I?!! 

1.094 

1.211 

1.365 


Na, 0^404 (50J 

Citraconate 


0.1 

0.25 

0.5 


1.076 

1.191 

1.409 


NaiC 4 H 40 * (50 

Mesaconate 


0.1 
0.25 
0 5 


1.074 

1.187 

1.40S 


Wa,C4H«04 (8o; 
Pyro tartrate 
1 084 
1 214 

1 . 45 ; 


0.1 
0.25 
0 5 

Na,C«Hs04 (80 
Adipate 


0.1 

0.25 

0.5 


1 . 0 & 
1 231 

1.52 


RasC«H404 (8fl 

Phthalate 
1.08 
1.21 
1.46 


0.1 
0.25 
0.5 

NasC,H404 (8' 
Isophthalate 


0 1 

0.25 

0.5 


1.0^ 
1 2 ( 
1.4^ 


Na,C^404 (80) 

Terephthalate 
F 

0 1 
0 25 


172» 

1.077 

1.201 


Na,C*Hi,04 (80) 

Suberate 


0.1 

0.25 


1 105 
1.285 


Na,C*H,404 (80) 
Axelate 


0.1 

0.25 


1.164 

1.412 


NajCsH.O, (80) 

Citrate 


0 05 

0.1 

0.25 


1.050 
1 102 
1.272 


Na4CnH,Oio (60) 

Benzenepenta- 

carboxylate 


F 

0 005 
0 02 
0.05 
F 

0 05 


Vo 

1.03U 

1.0748 

1740 

1.0753 


1714 

l.OlOi 

1.0336 

1.0758 


NajCiiHOio (60) 

Benzenepenta- 

carboxylate 


Na^CiiHOto*- 

(Cont^d) 


F 

0.005 
0 02 
0 05 
F 

0 05 


»70 


1.0850 


ifji 

1.012s 

1.0378 

1.087® 


1740 

1.0857 
NaCtBiClOt 
Chloroacetate 


0.1 

0.2 

0.25 

0.5 

1 


1714 

(81) 


1 . 086 
1.174 
1 . 364 
NaCiCI.O, (81) 
Trichloroacetate 


1714 
(16) 

1.035 

1.071 


F 

0.5 


1714 

1 21s 


NaC7H4CIO, (80) 
m-Chloroben*oate 
F 


0.1 

0.25 

0.5 

1 


1714 

1.054 
1.136 
1.282 
1 621 


NaC7H4BrOs ( 8 O) 

Hi- Bromobenzoate 


0 1 
0 25 
0.5 


1.053 

1.139 

1.293 


NaC7H«BrOf (so^ 
p-Bromobensoate 


F 

nsi 

0.1 

1.055 

0.25 

1.141 

0.5 

1.292 

NaCTHaNOa (*•) 
n-Nitro benzoate 

0.1 

1.054 

0.25 

1.136 

0.5 

1.285 

1 

1.628 

NaCrHJfOa (••) 

m- Nitrobenzoate 

0.1 

1.052 

0.25 

1.130 

0.6 

1.269 

1 

1.606 

NaCrHiNOa (80) 
p> Nitrobenzoate 

0 1 

1.031 

0.25 

1.089 

0.5 

1.220 

NaCjaanOa (80) 
m-Cyanobenzoate 

0.1 

1.050 

0.25 

1 128 

0.6 

1.269 


NaiO.zSiOt (88) 

Viscosity in centipoises at 20®C 

The solutions employed in determining the data for the follow- 
ing table were commercial solutions of sodium silicate. The only 
sample completely analyzed was Na,O.2.06SiO,; for this the 
following analysis is given: Na,0, 18.42%; SiO,. 36.84%; AliO,, 
0.23%; FeiO„ 0.16%; CaO, 0.14%; MgO, 0.06%. The com- 
positions given in the table below refer to the percentages by 
weight of NajO.xSiOi. For given values of x the original data 
lie on fairly smooth curves which were interpolated to round 
concentrations. But for a given percentage composition, particu- 
larly in the less concentrated solutions, the viscosity data con- 
sidered as a function of x are quite irregular and it did not seem 
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If a lO .zSi0 1 . — iC&fUimted) 


40.0 
42 0 
44 

46 

47 


X • 1.G9. 


2.44 1 

2 06 

1 1 69 

130 

120 

150 

210 

190 

250 

400 

310 

430 

900 

550 

750 


750 

1050 



50 76 

51 60 

52 36 
55 26 


8 496* 
6 115t 
22 900* 
87 080t 


3 0 
40 




0 ssb 5 

0 8«fi5 


KCl. - (Conlinueii) 


Valuf?« of ? 


I 18" 


0 9751 0 994J 1-02U 
0 994t 1 0l7t 1 050J 


35" 


1 

1 101 


45" 


1 lO&l 
1 ]4sl 


t * •' 2.06 


Viscosity at 25" (53-*) 



1.22 

1.50 

1.67 

1.86 


0.5 

1.0 

1.25 

1.5 


1.61 

3.10 

4.60 

7.32 



0 5 

1.0 

2.0 

1.28 

1.31 

1 . 42 

1.70 

1.86 

2.18 

1.93 

2.21 

2 81 

2.30 

1 

3.80 

3.3 

3.8 

3.95 

1.68 

1.79 

1.90 

3.48 

4.87 

5.49 

5.42 

9.79 

13.4 

9.38 

27.65 

104 


1 49 
2.50 
3.43 
4.70 


• ±0.001. t ±0.002. X ±0.003. I ±001. 

KCIO, («5, 79); for 18" (72) 


\'aliie« of t; 


18" I 25" 


.998t 
995t 

992 1 

0 985 



0 1 
.2 
.3 
0 5 


0 981 




0 5 
2.0 
3.95 


20 

j 

25 

2.35 

3.95 

121 6 

2.30 

3.80 

103.6 


2 15 
3,33 
50 1 


There is considerable discrepancy between the values at 20" 
and 25®, probably due to the difference in previous history of the 
eolations. 


Na4Si04 (»i) 
^ Vw 

1 2.89 

Na,Cr04 («*) 


NasCrsO; (7«) 


KOH. 


?io 


0.1 

0.25 

0.5 

1 

f 

0.6 

1 

F 

0.5 

1 


1.24 

1.66 

1.25 
1.65 

^40 

1.26 
1.64e 


ni» 

(78) 

1.039 

1.101 

1.209 

^so 

1.255 

1.64b 


F 

0.1 

1.020 

F 

(43) 

0.25 

1.060 

0.1 

1.013 

Na,W04 (5*) 

0.25 

1.031 

F 

Vvi 

0.5 

1.064 

1 

1.645 

1 

1.128 

KOH 

2 

1.268 


Vio 

(*^) 


SteaUo (»o») 


F 

0.1 

0.25 

0.6 

1 

2 

4 

7.6 


1.009 

1.024 

1.050 

1.106 

1.230 

1.541 

2.326 


F 

0.2 

0.5 

1.0 

1.5 

3.0 

6.0 


("*) 

1.0268 

1.0674 

1.1348 

1.2060 

1.462 

2.083 


0" (•*» •T); 16® (*» 11, «6, 

(11, ee, 91 


0.1 

0.25 

0.5 

0.75 

1.0 

1.5 

2.0 

2.5 


0 ® 

0.9946* 

0.980b* 

0.9576* 

0.942»* 

0.928«* 

0.909| 

0.806§ 

0.89} 


KCl 

•*): 18" (». «» 11, 111 

' •*); 35 and 45® (•», 

Values of » 


16 , 69 , 64 , 98 ); 25 ' 




18' 


25 


35 


0.997t 

0.9982* 

0.999t 

I.OOIJ 

0.99lt 

0.994»* 

0.998t 

1.003t 

0.984t 

0.9898* 

0.997t 

1.007t 

0.978t 

0.984«* 

0.996t 

l.Ollt 

0.974t 

0.9816* 

0.995t 

1 015t 

0.969i 

0.9801 

0.997t 

1 .026} 

0.9681 

0.982t 

1 .002t 

1.03b§ 

0.970t 

0.987t 

i.oiot 

1.05} 


45® 

l.oost 

1.008J 

1.015t 

1.023t 

1.031t 

1.048} 

1.066} 

1.085} 


•±0.003. t ±0.002. t ±0.005. 

KBr (84); for 0" (»*); for 18" (H* 72, 84, 9i); for 25® (!»• 


Values of t 




0.25 

0.5 

1 

2 

3 

4.5 
5 5 


• ±0.003. 



926 

.87b 


25" 


10" 18" 


0.986* 0.992 
0.974* 0,984 
0.94 0.954* 0.969 
0-90b0.930* 0.959 

0.967 
0.952 1.007 

1.050 


40 


50 


.005 

.025 


1 02 1.04 

1.05 l.OS 


0.87 0.9050.952 


1.10 1.145 1.19 


K1 for 0" {^0, »i); for 5", 10", 40", 50", 60" («<); for 18" (2, n, is. 

8<); for 25" (3l» ^o» 84, di) 



0.25 

0.5 

1 

2 

3 

5 

7 

7.5 

9 


-94o 

.898 


0.860 
0.787 

0.755 0.81 


0.9908 0.993 
0.9768 0.981 

.9470.9561 0.964 0.99o l.OOi 
.9060.9228 0.936 0.988 1.004 
0.898 0.915 

.8460.892 0.916 0.98» 1.035 

.8560.916 0.95i 1.048 I.IOb 

.91 0.978 1.03 1.14» 1.21 


0.806 U.OOSU.VIB 

0.865 0.91 0.978 

1.003 


1 20 


• ± 0 . 001 . 


[KBrO, (80) 


0.25 
ijift . . . . 0 . 994 



0.1 


KIO, (28, 72) 


0.2 10.3 


1.0141 1.0278 1 042 


1.310 


0.05 

0.1 

0.25 

0.5 


* ±0.005. 


1.017 

1.044 

1.087 


18"t 


1.011 

1.021 

1.051 

1.0995 


Values of 17 


25"* I 30"* 


1.011 


40 


50 


l.p22 

1.054 

1.109 


1.023 

1.057 

1.118 


t ±0.001 




0 " 


0.945 

0.926 

0.939 


25" 


1.006 

1.043 

1.077 

1.188 


KN, (II) 


Values of rj 


35" 


I 1.019 
1.075 
1.116 
1.231 


1.035 

1.120 

1.172 

1.297 


75" 


1.053 

1.171 

1.237 

1.38s 
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INTERNATIONAL CRITICAL TABLES 


KNOs 

(•^) 

1 0.948 

2 0.94 
F nu (.*» 

22»2S, 
8»i #4) 

0.1 0.9941 
0.250.9857 
0.5 0.9748 

1 0.9630 

3 0.976 
^ nw 

(84) 

1 1.02 

2 1.06 


nto 

(84) 

1.01 

1.04 

i»» (•♦* 
• 8 ) 

0.995 
0.989 
0.982 
0.976 
j 0.990 

Vm 

(84) 

1.036 

1.086 


K*P04 (»T) 
F I 


0.1 

0.25 

0.6 

1 


nil 

1.050 

1.130 

1.292 

1.721 


K.HP 04 (» 7 ) 

0.1 1.034 

0.25 1.091 

0.5 1.201 

1 1.513 

2 2.18 


4(*n 

1.064 

1.137 

1.291 


0.25 

0.5 

1 


KtCOj ( 2 f B 7 , 78 ) 

F nil n**t 

(«) 

0.1 1.029* 1.031 
0.261.073* 1.078 
0.6 1.162* 1.165 

1 1.340* 

2 1.82 

3 2.46 

4 3.34 
• ± 0 . 008 . 
t ± 0 . 006 . 

K.C,04 (**t *7) 
Ozal&te 
F 


0.06 

0.1 

0.26 

0.6 

1 


nil 

1.0126 

1.0235 

1.0548 

1.110 

1.225 


KHCO, (*7) 
0.26 1.029 

0.5 1.069 

1 1.123 

2 1.361 

XHCOt (Bl) 

FoTmftte 
^ mi 

0.6 1.038 


KCiHiOi (Si 78» 81) 

Acetate 
F I fii« 


0.1 

0.25 

0.5 

1 

2 

3 

4 


nil 

1.028 

1.064 

1.126 

1.248 

1.515 

1.817 

2.172 


KCifiiOt (•*) 
Propionate 

^ nil 

0.6 1.164 

KsC 4 H 404 ( 44 , 57 ) 

Tartrate 
F I 


0.^5 

0.5 

0.75 

1.5 


nil 

1.078 

1.183 

1.30 

1.74 


KCtCLOt (81) 

Trichloroacetate 

^ nil 

0.6 1.164 

ECtHtClO ( 81 ) 
Chloroaoetate 

0.6 I 1.106 

KCNS 


F 

0.1 

0.25 

0.6 

1 

2 

5 

F 

1 

F 

1 


nu (^*) 
0.997 
0.989 
0.977 
0.960 
0.950 
1.036 

ni. (»•) 
0.970 
nri (»•) 
1.020 


KiFe(CN}4 

P ni.i (®») 
0.1 0.988 

0.25 0.990 

^ nu nil (•** 

( 88 ) 58 ) 

0.1 1.007*1.016* 

0.26 1.022* 1.044* 

0.6 1.062*1.098* 
• ± 0 . 008 . 

K4Fe(Clf)« 

0.1 1.036 1.046 

0.26 1.091 1.113 
0.6 1.202 1.236 

XtCr04 


0.1 

0.26i 

0.5 

1 

2 

F 


nu 

(•®) 


1.13 

1.35 

nu 

(•®) 

1.20 

1.47 


u (▼*• 

1.106 

i:0i38 

1.078 

1.174 

1.426 

nu 

(•®) 

1.23 

1.61 


KtCr04.— (Coni’rf) 

F n«(*®) 

1 1.26 
2 1.54 

KsCrtOr 
^ nu n»* 

( 82 ) ( 43 ) 

0.1 0.993 1.001 

0.25 0.986 1.006 

P n« 

( 82 ) 

0.1 1.008 
0.25 1.024 
KNaCiHiOi (87) 
Tartrate 
F I ntB 


0.25 

0.6 

0.75 

1.6 


nu 

1.108 

1.246 

1.410 

2.05 


RbOH (20) 
F I 


nu 

0.1 1.009 

0.25 1.023 

0.6 1.048 

1 1.103 

RbCl 

^ ni* nu* 

( 76 ) ( 76 ) 

0.26 0.976 0.982 

0.6 0.966 0.967 

1 0.923 0.941 

P nu (^*» nu* 
76 ) ( 76 , 96 ) 

0.250,990t 0.996 
0.6 0.980t 0.990 

1 0.965t 0.983 

2 0.943 

• ± 0 . 003 . t ± 0 . 003 . 

*RbBr (* 4) 

P nu 

0.1 0.995 0.999 

0.25 0.989 6.998 
0.6 0.979 0.997 


( 76 ) 

0.982 

0.967 

0.941 

nu* 

( 76 , 96 ) 


nu 


0.5 

F 

0.1 


nu 

1.001 


0.25 1.004 
0.5 1.016 

Rbl (28) 

P I , 

0.25 O. 


0.5 

1 

2 

3 

3.5 


nil 

0.978 

0.957 

0.921 

0.877 

0.873 

0.883 


Rb|S04; p. next 
column 
CsCl 

P nil nu (*•» 

( 72 ) 98 ) 

0.250.986* 0.992 
0.6 0.973* 0.986 

1 0.962* 0.976 

2 0.927 

* ± 0 . 003 . 


Rb,S04 (BB) 


Values of n 


0.1 

0.25 

0.5 

1.0 


10° 

1 005 
i.Ola 
1.04o 
Ills 


20 ° 

l.Oll 

1.03 

1.07 

1.15 


0.1 

0.25 

0.5 

1.0 


10 ° 

1.008 

1.022 

1.047 

l.lOe 


20 ° 

1.012 

1.031 

1.067 

1.146 


0 025 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 


0 ° 

0.9960 

0.9902 

0.9796 

0.9612 

0.9445 

0.9288 


I 30° 

1 X.0I7 
1.048 
1.090 

1.19 

Ca.S04 (B>) 
Values of 9 
I 30° ~T 

2 1.016 

1 1.040 

7 1.082 

s I 1.17o 

CsWO, (88) 
Values of 

10° I 


40° 

1.021 

1.058 

1.106 

1.21 


60° 

1.027 

1 . 06 t 

1.129 

1.26 


40° 

1.020 

1.050 

1.099 

1.197 


50° 

1.026 

1.061 

1.117 

1.23 


0 . 9973 
0.9938 
0 . 9870 
0.9742 
0.9618 
0.9510 
0.9413 
0 . 9324 
0 . 9239 


18° 

0.9984 

0.9961 

0.9910 

0.9808 

0.9716 

0.9632 

0.9559 

0.9494 

0.9434 

0 . 9377 


25° 

0.9986 

0.9971 

0.9932 

0.9853 

0.9784 

0.9723 

0.9668 

0.9621 

0 . 9679 

0.9540 


JOLUTIONS CONTAINING 
ELECTROLYTES 
Standard Arrangement (n. V 


HCl 


H,804 


B_ 

CdCI, 

Hga. 

Cua, 

FeCI. 

CoCl» 

NaCl 

KCl 

HNO, 


HNO, . ■ 
NH4NO, 


NH4a 


K,Cr,OT 

Ba(NO,), 

NH4CI 

Pb(NO,)* 

Ba(NO,), 

NaNO, 

KNO, 

FeCli 

BaCli 

Naa 

KCl 


(NH4),804 


OUSO4 

MnS04 

A1.(S04). 

K,S04 


°c 

25 

25 

25 

25 

25 

26 
25 

10 

20 

40 

25 

26 

25 

25 

25 

25 

26 

25 

25 

15 

20 

15 

20 

25 

25 

25 

25 

26 


I Lit. 

(«) 

(48, 101) 
( 101 ) 

I ( 48 ) 

(60) 

(») 

(») 

(») 

(») 

(®») 

(®») 

(«) 

(«) 

(«) 

(«) 

(®B) 

(«) 

(«) 

(*«) 

(>») 

(>«) 

(**) 

(®») 

(«) 

(«) 

(®*) 

(®») 


VISCOSITY— AQUEOUS SOLUTIONS; STIU)N(J ELKCTIU^L^ TKS 


10 


3&-Tablb. — (CoTttinu^) 


A 

B 

L °C 

Lit. 

Pb(NO,), 

NaNO, 

25 



KNO, 

25 

(43) 

cua, 

MgCL 

25 

(101) 


LiCl 

25 

(101) 


NaCl 

25 

(101) 


Ka 

25 

(101) 

CUSO 4 

MnS04 

25 

(43) 


Na,S04 

25 

(43) 


KtSOi 

25 

(43) 

MnSO* 

Na,S04 

25 



K,S04 

25 

(43) 

CoCI, 

MgCI, 

'25 

(101) 


Lia 

25 

(lOl) 


NaCl 

25 

(101) 


KCl 

25 

(101) 

AlsCSO*), 

Na,S04 

25 

(43) 


K,S04 

25 

(43) 

MgCl, 

NaNO, 

20 

(59) 

Mg(NO.), 

NaCl 

20 

(59) 


KNO, 

20 

(59) 

CaCls 

NaCl 

20 

(59) 


NaNO, 

20 

(59) 

Ca(NO,)s 

NaNO, 

20 i 

(59) 

SrCl, 

NaCl 

20 

(59) 


KNO, 

20 

(59) 

Sr(NO,)s 

NaNO, , 

20 

(59) 



25 

(43) 


KCl 

20 

(59) 


KNO, 

20 

, (59) 



25 

(43) 

BaCl, 

Ba(NO,), 

25 

(43) 


NaCl 

15 

(12) 



20 

(12, 59) 



25 

(43) 


KCl 

25 

(43) 

Ba(NO,), 

NaNO, 

25 

(43) 


KNO, 

25 

(43) 

NaOH 

KOH 

25 

(43) 

NaCl 

NaNO, 

25 

(43) 


KCl 

)5 

(12) 

. 


20 

(12) 



25 

(43, 69, 85) 

Nal...... .. 

KI 

25 

(85) 

NaJS 04 

K,S04 

25 

(43) 

NaNO.. . . . 

KNO, 

25 

(43) 

Na,CO,.. .. 

K,CO, 

25 

(43) 

NasSiO, 



(51) 

KCl 

KNO, 

25 

(43) 

k,so4 

KsCtsOt 

25 



For solutions containing NH4OH and various salts, v. (^i ^3) 


AQUEOUS SOLUTIONS CONTAJNING THREE OR MORE 

STRONG ELECTROLYTES 



! Lit. 

HCl + NaCl + KCl 

25' 

/e9) 

MgCl, + CaCl, + PrCl, f NaNO. 

20" 

(59) 

MgCl, + Sr(NO,), -f Ha(NO,), 

20" 

(59) 

Mg(.NO,), -f Ca(NO,), + NaCl 

2tJ" 

(59) 

Mg(NO,), + .Sr(NO,), + KCl + KNO. 

20" 

' (»») 

MrINO,). + SrCl, + NaCl -f KNO, 

20" I 

(5»j 
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VISCOSITY OF AQUEOUS SOLUTIONS OF WEAK ELECTROLYTES AND OF ALL ORGANIC 

ACIDS AND BASES 


Qram-formula-weight, ij 
Weak Bams 


NH.I 

f/l 

1 1 2 1 4 1 6 1 8 1 Lit. 

26° 1 

ij/i7*± 0.5% 

I.O 20 I 1,040| 1.0811 l, 12 li 1.1691 (*) 


M. P. Appmbey 

Vifloosity, i;. = Viscoaity relative to water at the same temperature. * 

CH,COJE[, Aczrtc Acid (». 34, 40) 

V^aluee of 17 in millipoiBee, • ±0.5% for low, and ± ( 2 - 

concentrations and temperatures 


Amines 

Values of 17 / 17 * ± 0.005 at 26^ C (3^) 


FA 

0.125 

0.25 

0.5 

1.0 

NHi (for comparison) 

1.003 

1 006 

1.0106 

1.0245 

CHsNHt 

1.017 

1.034 

1.082 

1.155 

(CH,),NH,..., 

1.030 

1.063 

1.144 

1.304 

(CH,),N 

1.068 

1.143 

1.299 

1.684 

(CH,)4N0H 

1 035 

1.072 

1.146 

1 1.316 


CftHiN, PyBIDINE (^» 1*1 31* 3®) 

Values of 17 / 17 * ± 0.3% at 0 and 25®; ±1% at 18®; ± >1 % at 


wt. % 

20 

40 

60 

80 

100 

0 

1.790 

2.560 

3.120 

2.410 

0 745 

18 

1.580 

2.375 

2.570 

2.155 

0 925 

25 

1.530 

2.066 

2.475 

2.140 

0.995 

65 

1.39 

1:74 

2.02 

1.96 

1.18 

77 

1.25 

1.55 

1.82 

1.83 

1.35 

100 

1.20 

1.43 

1.69 

1.83 

1 41 


Amino Acids ( 22 ) 
Values of 17 / 17 * ± >0.002 


Formula 

Name 

t,°c\l 

0.25 

0.5 

1.0 

2.0 

ch,nh,cooh 

Glycocoll 

18 


1.070 

1.153 

1.362 



40 


1.074 

1.166 


CH.CH(NH,)COOH 

Alanine 

18 

1.059 

1.133 

1.310 




40 


1.127 

1.281 


C,H,CHiCH(NH),- 

Phenyl- 






COOH 

alanine 

18 

8.31 gA» 17 / 17 * = 

1.027. 


Monocarboxylic Adds 

CO>, Carbon Dioxidb (*®) 
11 / 17 * for the saturated solution at 20® = 1.007. 
HCO«H, Formic Acid ( 2 * s, 11, 17, is, 27, 

Values of 17 in millipoiseet 


21 , 36, 38 ) 



15 

20 

25 

35 

45 

55 

65 

75 

85 


12.75 

11.10 

10.10 

8.25 

6.90 
5.85 
5.10 
4.45 

3.90 


15.60 
14.10 
12.85 
10.70 
9.05 

7.75 

6.75 
5.95 

5.25 

I 01 I 0.25 I 0,5 

I • 1.004 I 1.009 I 1,017 

• AU inUreooTermioaa between e and h*ve been 
'.Jor water giTen on p. 10. 

1 i 1 % at 25*; ^ 1 % at hi^ier texnperaturea. 


13.90 

12.50 

11.30 

9.35 

7.85 

6.76 

5.70 

5.15 

4.55 


17.95 

16.10 

14.65 

12.20 

10.30 

8.80 

7.70 

6.80 

6.05 


19.20 

17.10 

15.55 

12.95 

10.85 

9.30 


19.85 

17.90 

16.05 

13.35 

11.25 

9.60 



1.0 I lit. 
1. 031 I (31) 

upon the valuee 


\ Wt. 

\% 
‘^C X 

10 

20 

30 

40 

60 

60 

70 

76 

90 

100 

15 

13.60 

16.30 

19.10 

21.60 

24.76 

27.65 

30.20 

31.06 

26.80 

13.50 

20 

12.10 

14.16 

16.36 

18.70 

21.36 

23.90 

26.40 

26.95 

23.10 

12.65 

25 

10.65 

12.60 

14.50 

16.66 

18.70 

20.86 

22.90 

23.65 

20.50 

11.55 

30 

9.55 

11.10 

12.90 

14.75 

16.60 

18.60 

20.40 

20.95 

18.40 

10.65 

35 

8.55 

10.00 

11.60 

13.16 

14.80 

16.60 

18.15 

18.55 

16.55 

9.90 

40 

7.80 

9.05 

10.40 

11.80 

13.26 

14.70 

16.20 

16.60 

14.90 

9.26 

45 

7.10 

8.20 

9.40 

10.60 

11.85 

13.20 

14.46 

14.85 

13.45 

8.65 

50 

6.50 

7.46 

8.65 

9.65 

10.80 

11.90 

13.06 

13.40 

12.25 

8.10 

55 

6.00 

6.80 

7.75 

8.80 

9.85 

10.80 

11.95 

12.16 

11.25 

7.60 

60 

5.60 

6.25 

7.10 

8.00 

9.00 

9.95 

10.90 

11.05 

10.30 

7.00 

65 

5.05 

5.75 

6.65 

7.35 

8.20 

9.00 


10.10 


6.75 

75 

4.40 

4.95 

5.60 

6.30 

7.00 

7.65 


8.55 


6.05 

85 

3.85 

4.35 

4.90 

5.45 

6.05 

6.60 


7.40 


5.45 

95 

3.40 

3.85 

4.30 

4.75 

6.30 

5.75 


6.40 


4.90 


17 / 17 ** 25 ® « [1 +0.1104 
17 / 17 -, 18® - [1 +0.1169 

CdCH,CO,H, 


F/l + 0.00208 (F/l)*l ± 0.002 
F/i + 0.0013 (F/l)*] ± >0.002 
Monocbloroacbtic Acid ( 3 ) 



f/l 

0.1 

0.26 

0.6 

1.0 

2.0 

3.0 

3.84 


17 / 17 *, 26° 

1.018 

1.045 

1.088 

1.161 

1.330 

1.536 

1.717 

±0 002 


Ci/*CH(X)|H, Dichloroacetic Acid ( 3 ®) 


F/l 

17/n-, 25' 


0.1 

Q.25 

0.5 

1.0 

1.024 

1.064 

1.131 

1.265 


±0.005 


CljCCOjH* Trichdoroacetio Acid (®) 

17 / 1 ?*, 25® = (1 + 0.355n) ± 0.002, up to n = H normal. 

CHtCHCLCCDtCOiH, Trichlorobutyric Acid (®) 
17 / 17 *, 25® = (1 + 0.435n) ± 0.002 up to n = 0.2V. 

CHiCHjCOiH, Propionic Acid 



0.1 

0.25 

0.5 

1.0 

1.5 

2.0 



1.019 

1.048 

1.096 

1.191 

1.291 

1.392\ 

± 0 . 002 | 

(»>, 

1.019 

1 048 

1.098 

1.098 

1.310 

1.430J 

40) 


17 in millipoisea ( ±2% at 20®) 


\ Wt. 

f, \ 

10 

30 

60 

70 

90 

100 

Lit. 

20 

12.95 

18 65 

24.0 

28.05 

26.4 

11.2 

(IS) 

40 

8.6 

11.9 

16.5 



9.0 

(S7) 

60 

6.2 

8.4 

10.35 



7.35 

(»^) 


C 4 HaOt, Butyric Acid 


F/l. . . . 
17 / 17 *, 25' 


{; 


n-. 

iso- 


0 1 

0.25 

0.5 

1.0 

(31, 40) 

1.025 

1.063 

1.131 

1.280 

± 0.002 

1.026 

1.066 

1.129 

1.273 

to 003 


CH*CH*CHiCO»H, n-BuTYRic Acid 
17 in millipoises, ± several %, max. at ca. 72% for 20' 



10 

30 

60 

76 

100 

Lit. 

20 

13.6 

22.3 

31.3 

36.0 

16.0 

(37, 3S) 

40 

8.5 

13.3 

17.9 


11.8 

(37) 

60 

6.3 

9.0 

12 0 

1 

1 9 i 

(37) 
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(CHOaCHCOiH, IsoBUTYRic Acid 

± 0.5% (>6) 



10 

20 

30 

1 

1 

40 

50 

60 

100 

20 1 
25 

1.340 
1 320 

1.765 1 

1 725 

Two 

liquid ph:iscs 

3.225 


30 


1-685 

2.210 

2 . 720 

2.990 

3 120 

1.400 

35 

1 

i 

1.660 

2.130 

2 500 

2.890 

3 030 

1.445 

40 

1 

1 625 

2 065 

2 480 

1 2.780i 2 945 

1.485 


CH,CH(OH)COaH, Lactic Acid (‘o. 3i) 


\F/\ 

0 1 

0.25 1 

0-5 

1.0 

t;/-!., 2.5°, +0.003 

1.0255 

1.0585 1 

1 119 

1.250 


Wt. % 

10 ! 

30 1 

50 

70 

100 

25°, +0 1 % 

A V 1 

1.270 

2 020 

3 07 

7.2 . 

45.3 


(CH3),CHCH3C0,H, Isovaleric Acid (31) 

25° == (1 -f 0.300n) ± 0.003; up to n = 0■25A^ 

C6H6CH(OH)COsH d-, OR rf^-MA\DELic Acid (^3) 


Wt. % 

2 1 

4 

6 1 

8 

10 


vNvy 25® 

1 047 

1.106 

1.171 

1 240 

1 

1.315 

±0 002 


Dicarboxylic Acids 
HOsCCOjH, Oxalic Acid 


F/1 i 

0.1 j 0.25 

0.5 1 

1.0 


>?/>!«, 18°. . . 

l.Ols! 1 045 

1 090! 

1.200 

+ 0 . 003 


(23, 38) 


HOjCCHaCHjCOjII, Succinic Acid (23) 


\F/\ 

0 1 

0.25 ; 

0.5 1 

1.0 


1 

Tl/. 1 

1 010 

1.026 

1.052 

1 , 109 1 

±0 005 1 

/ 9 0 \ 


1 012 

1.029 

1 . 058 

1.117 1 

±0.002 J 



H0,CCH(0H)CH(0H)C02H, Tartaric Acid (28) 


F/\ 

0.1 

0.25 

0.5 1 

1,0 1 I .5 


Tj/t)*, 18® ; 

1.029 

- 

1 072 

1 153 ! 

1 400 1.712 ■ 

±0 004 


At 25®, r)/r}u> for a 13.04 Wt. % solution - 1.401 for the d- and 
1.388 for the dl-acid (*^). 


HOjCCH(CH3)CH2COjH, Methylsucci.vic Acid (33) 


\F/\ 

0.1 

0.25 

0 5 


77/n«, 25® 

1 0145 

1 . 037 

1 078 

±0 002 


CHj : C(C0 iH)CH2C02H, Itaconic Acid (33) 
rj/vioi 25® = (1 4" 0.143tt) + 0.001 up to r = 0.34^^. 


H0jCCH(0C0CH3)CH(0C0CH3)C02H, Diacetvltartaric 


Acid (*) 


hF/\ 


i 0 1 

0.25 

0.5 

10 

1-026 

1.067 

1.142 

1.308 


Sulfonic Acids and Phenol 
CIIiCbIUSOiH, /K'l'oLI'ENEHULrONIC Acio f«) 

Tj/vw, 25® “(14- O. I35r) ^ 0.02 up to n ■= 0,2.V. 


(CIl?)j(’flFI(NHj)S 03 lI, TRI.METliyLHULFANILIC AciD (23) 

25° “ (1 -f O.OMS y- Wt, %j up to 2% and. 

('olUOH, l*IIENOL 


f'/kg soln 

0 1 ! 

0,25 

0 5 

f20j 

r]/rj,rj 18® 

1.010 

1 010 

1 . 101 

±0 (X)l 


i 0.5% uj) to SO®; les.s accurate a!>ovo HO® 35) 


--^Wt. % 

10 

20 

35 

50 

65 

80 ^ 

HX) 

50 

mem 


1 * '1 

1 

3 065 


6 39 

60 

HH 

1 wo 

liquid }i 

'hasos 

2 855 


5 f>l 

67.5 


1 475 

j 2 135 

: 2 560 

* 

2.745 

1 

3 275 

5 16 

75 

1.170 

1 . 455 

* 1.045 

] 2 365 

2 , 6 K): 

3 . U/J 

4.78 

80 

1 170 

1 . 420 

1 . 880 

' 2.285 

2 . 575 ' 

1 

3 085 

4 5 G 

85 

1.165 

1.400 

1 . 855 

2 200 

; 2 5.50 

3 010 


90 i 


1 . 385 


2 180 


1 


95 I 


1 355 


2 125 

1 




SYSTEMS WITH TWO SOLUTES 

Water — acetic acid — toluene (^*). 

Water — methyl or etliyl alcohol — picric acid O®-*). 

Water — methyl or ethyl alcohol — aniline 

Water — methyl or ethyl alcohol — toluidine 

Water — methyl or ethyl alcohol — piperidine ('®**). 
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VISCOSITY OF AQUEOUS SOLUTIONS OF NON-ELECTROLYTES 


Guy Barr 
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ABBREVIATIONS 

F — Gram-formula-weight 

•n = Viscosity 

"n/riw — Viscosity relative to water at the same temperature.* 

• All interconveraions between t, and .jA- have been baaed upon the values for 
water given on p. 10. 


INTRODUCTION 

Throughout this section where a table is given under the name of 
one author only, it may be assumed, unless the contrary is stated: 

1. That a viscometer of the Ostwald type was used for the deter- 
minations, no mention having been made by the experimenter of 
a test for tlie compliance of his instrument with Poiseuiile’s law, 
and no kinetic energy correction having been applied to the results! 
The ;il)bievi;ition (K. E.) indicates that a kinetic energy correction 
has been applied. 

2. That the mixtures were made up by weight without reduc- 
tion ad vacxiuw. 

In the majority of c:ises the purity of the solute is of prime 
importance in determining the viscosity of the solutions; melting 


4 
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points, boiling points, etc., are therefore quoted where such details 
arc given. The viscosities tabulated for the pure liquid non- 
clectrolytes may be found to differ from the I. C. T. values for the 
pure liquids, but it is not possible, in general, to adjust the 
tables to remove the discrepancy. 


Systems Containing But One Solute 


(T-Arrangemcnt (e. Vol. Ill, p. viii) 
CHsNO, Formamide, HCONHi 
in millipoiscs (' L 


Wt. % 

1 0.0 

1 20 

0 

40 1 

60 1 

1 80 

100 

^15 

1 8 9 

1 10 

0 

11 .6 

14 6 

! 20-7 1 

1 32.7 


CH4O, Methyl Alcohol, CHjOH 
(B. P., ff4.9°C); j) in millipoises (K. E.) (S) 


(, ®C 
Wt. 

25 

35 

45 

1 

55 

21.41 

4.23 

10.89 

8 58 

7.02 

47.36 

15.61 

11.99 

9.47 

7.74 

71.61 

11.89 

9.57 

7.80 

6.52 

100.00 

6.48 

4 76 

4 17 : 

3 71 


Specially Dried Alcohol 


It in millipoises 

Wt. % |84.86|88.79|91 .90|9 5 .35197 .52|98 .77|99 .241100 0 

I'* |11.20|10.03| 8.98| 7.88| 7.14| 6.76| 6.57 1 6734 

CH.NtO, Urea,. CO(NH,), (3i^) 

-I 0.25 I 0.5 jTTo rT:o uTo 


20° I 1.010 I 1.022 I 1.039 | 1.088 | 1.215 I 1.655 



nil 


8.9919.431 9.73|10.40|10 93|12.57|13 54|15 68 
C,HCl,0, Chloral, Cl,CCHO 

Solutions up to 60M % made from the hydrate (dj® = 1.6193);above 

SOM %from chloral (B. P., 97.0-97.2°C), (dj* = 1. 5049) ^i^) 

V in millipoises 


Mole % CtBCUO 


60® I 60 


70 


85 


0.0 

2.0 

6.0 

10.0 

16.0 

20.0 

25.0 

30.0 

36.0 

10.0 

42.5 

46.0 

46.6 

47.6 

49.0 

60.0 

55.0 

60.0 

70.0 

80.0 
90.0 

100.0 


90' 


5.49 

10.33 

17.35 

26.77 

41.65 
60.00 
87.70 

113.85 

143.67 

166.07 

164.00 

170.98 

174.21 

172.90 

167.65 
141.04 
114.17 

67.07 
26.87 
14.50 
8 71 


4.70 
5 95 
8.41 
13 97 
20.97 
31.00 
43.58 
57.70 
72.39 
85.74 
90.50 
91.72 
90.91 
90.17 
88.19 
86.82 
76.79 
60.45 
34.07 
18. 60 
11 56 
7 82 


4.07 

6.87 

10.80 

16.25 

22.84 

30.04 

37.62 

45.39 

50.80 

51.63 
61.61 
60 65 
60.27 

48.66 
47.86 
40.72 

34.04 
21.60 

13.67 
9.73 
6.79 


3.36 

4.20 

6.50 

8.41 

11. 80 
16.17 
20.34 
23.9fl 
27.06 
28.52 
29.02 
28.43 
27.47 
26.59 
25.68 

24.81 

21. 7o 
18.79 
13. li 
9 04 
6 56 
5.58 


3 17 

4.75 
7 39 
10.27 
13.65 
16.97 

19.67 

21.77 

22.56 

22.36 

21.44 

21.05 

20.61 

19 61 


5.24 


Wi. %...l 0 


CiH*NO, Acetajcide, CH,C0NH, 

M. P., 82®C; yj in millipoises (* > ) 

0.78 I 5.82 I 17.69 I 25 95 I 37 2l | fio 


^ * ^ I I I 12.38 1 14.65 I 18 83 I 44.62 


CtH»NO. — iCoTUiniied\ 
Values of 


P/l\ 

5 

10 

15 

20 

1 

25 

30 

35 

40 

0.1 

1.089 

0.957 

0.982 

0.99e 

l.OOo 

l.OOi 

0.985 

0.988 

0.25 

1.16i 

0.985 

1.02o 

l.Ols 

1.045 

1.017 

l.Ola 

l.OOl 

0 6 

1.179 

1.053 

1 028 

1.027 

1.06s 

1.044 

1.025 

1.052 

0.75 

1.293 

1.096 

1.08i 

1.069 

1.074 

1.092 

1.043 

1.065 

1 0 

1 344 

1 13a 

1 133 

1 103 

1.126 

1.157 

1.128 

1.086 


CfH«0, Ethyl Alcohol, CjHiOH (*> **) 

Values of ij in millipoises ±0.2% between 20 and 60°C. Solutions 

near 77^**. may be used for calibration of viscometers if evaporation 
is avoided. 



0 

10 

! 

20 

25 

30 

40 

50 

60 


10 

32.15 

21.62 

15.48 

13.28 

11.53 

8.96 

7.26 

6.02 


20 

52.76 

32.35 

21.68 

18.08 

15.39 

11.44 

8.96 

7.28 

6.06 

30 

69.0 

40.96 

26.70 

22.03 

18.49 

13.53 

10.38 

8.26 

6.77 

40 

71.5 

1 

43.65 

28.67 

23.74 

19.91 

14.55 

11.16 

8.87 

7.24 

45 

70.1 

43.1 

28.67 

23.87 

20.07 

14.78 

11.38 

9.02 

7.36 

60 

66.25' 

41.74 

28.32 

1 

23.68 

20.01 

14.75 

11.36 

9.04 

7.39 

60 

57.15 

37.87 

26.42 

22.32 

19.06 

14.25 

11.09 

8.87 

7.27 

70 

47.2 

32.68 

23.69 

20.25 

17.44 

13.28 

10.44 

8.41 

6.96 

80 

1 

36.48 

26.63 

19.98 

17.38 

16.19 

11.81 

9.60 

7.78 

6.48 

90 

26.94 

20.48 

16.01 

14.22 

12.70 

10.22 

8.35 

6.95 

5.89 

100 

17.76 

14.80 

12.21 

11.01 

9.97 

8.24 

6.96 

5.90 

6.06 


C,HeO^ Glycol, (HOCH,), 

(dj* =* 1.1110); ij in millipoises (^®) 


Wt. % 


1 wt. % 

Vi* 

Wt. % 

vn 

0.00 

8.96 

45.13 

28.73 

69.52 

62 54 

14.11 

12 64 

49.65 

32.13 

75.64 

92.48 

33.11 

16 28 

60.84 

45.08 

100.00 

180.9 


C|H*0, Allyl Alcohol, CHtrCHCHiOH 


(d“ = 0.8500); -rj in millipoises 

wt. % I 0.00|14.06|25.98|33.70|35.53|36.53|45.21| 46.8 8 

I 8.95|13.55| l6.89il7.97|18.42|l8.54 |18.96| 19. 03 

Wt- % |47.3l|47.82|48.56|56.63|65.00|69.66|83.20|l00.00 

»»■ |18.95|18.9«|19.0oil8.99|l8. 04117.58115.441 12 37 

CjHtO, Acetone, (CH»)iCO 

(B, P., 56.1®C); It in millipoises (K. E.) (»> >») 

Wt. %.... I 0 0 |12.2 |14.4 |23.6 |24.7 | 30.3 |4oT~ 

"»» I 8.96|11.39|11.82|13.16|13.24| 13.eo il3.43 

Wt. % 150 6 |61.2 [70.9 |80.4 |89.9 |100.0 

il2.30|10.25i 8. 101 6.0 6| 4.371 3.17 

Wt. % I 0 0 I o.4i| 0,661 1.81| 3.20| 9.12|16.7 6 

|10.09|10.18|10. 26| 10 . 57il0.95| 12.65|13 70 


V in millipoisea ± ca. 0.6%; Vol. % at 13-20°C (^i »*) 


Vol. 

# 1 

0 

15 

26 

35 

1 

45 

0 

17. 94* 

11.45 

8.95 

7.21 

6.97 

12.5 


14.45 

10.90 

8.55 

6.96 

25 

29.6* 

17.20 

12.76 

9.81 

7.83 

37.6 


18.43 

13.68 

10.37 

8.26 

50 

30.6* 

17. 8R 

13.35 

10.26 

8.18 

62.5 


16.29 

11.82 

9.13 

7.38 

75 

17. 2* 

11.26 

8.94 

7.26 

6.02 

100 

4.1* 


3.24* 




* Valun mjtrked with * are from (**). 
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C1H7NO, Propionamidk, CiH»CONH| 

(M. P., 80“8I®C); Ji in millipoiaes ('*) 

^.65| 11.71] 22.18| 41 48| 70.65 


C«H|*0*. — (CmUinu^) 


Wt. % 0.00 1 .24 




I 8.96 I 9.23 I 10.301 U 9 s\ 15 43 | 30.431 60 . 0 « 

CiHsO, n-TROPTL Alcohol, CiHtOH 
(B. P., 97.7®C); in millipoLses (*2) 


""'"-^Wt. %| 

0.00 

17.40 

28.62 

59.38 ' 

1 

73.13 1 


20 

i 10.09 

1 

20.23 

25 65 

31.69 

29.58 

21 95 

25 

8.95 

17.04 

21 .27 

26 64 

25 2o 

19 44 

30 

8.O0 

14.45 

18.18 ; 

23.14 

21 76 

17.42 


Solution (tj in jx»iM*5s) 

1 dil 

1 

1. Original svnip f dextroH<?. 

1 470 

165000 

2. Original symp *f dextrose 

I 447 

I4000 

3. Original syrup 

1 . 436 

5ooo 

4. Original syrup + 11,0 

1 420 

764 

6. Original syrup 4- 11,0, . 

1 379 

36 

6. Original syrup + H,0 

1 :43i 

3 


CtILiO«, Galactose; in millipoLses 


Wt. 


'o 


CjHgOi, Glycerol, CgHtCOfT), 

T7 in millipoiaes (K. E.); values of d in vacito (i) 


nu . H , Of) 

Honey 




1.0000 
1,1014 
1 1699 


10.09 
37.34 
153.6 


1 1848 
1.2057 
1.2155 


235 4 

496.7 

747.8 


1 .2240 
1 .2463 
1 .2568 


1108 

4093 

871? 




■VVt. % 


Tj relative to that of 99.5% glycerol at 25°C commercial 
samples of double-distilled glycerol diluted to d\^ 1.252 may, 

however, differ in t; by as much as 8 % (2, 25j, 

I 1.25391 1 2526 

10.00 


20 

25 

30 

35 


0 00 1 

9.58 

18.49 

26 , 96 1 

10 09! 13 06, 

17.6;3 

24 44) 

8 95 

1 11 4o 

15.33 

21 04 

8.00 

10 I9 

1 13 52 

18 37 

7.21 

9 08 

n 88 

16 15 


42.18 ! 49 0' 


30 3 
25 97 
22 46 


.56 25 95 6 
46 7 : 77.2 


39 1 
33.25 


63 5 
52.8 


1 .2539 
10 87 


C,JI»Ou, Lactose; 17 in millipoLses 


1 2520 
9.61 


1 2510 
8 99 


10 rf/vi 


1.2460 
6.35 


1 .24401 
5.52 


1 .2420 
4.84 


1 .2400|l 2370 
4.26 13.57 


1.2500; 

1 . 2480 

Wt. 7o. . . 

1 0 

00 

1.28 1 

2 

78 

5 80 

11.66 

17.06 1 

8.40 


»7J6 

8 

95 1 

9 28 


72 , 

10 61 

12 97 1 

15 91 1 


1 .2340 
3.00 


Wt. % 


C4HtNO, n-BuTTRAMioE, CjHyCONHi 
(M. P., 116°C); 7} in millipoises (**) 


CiaH aaOu, Maltose; n in millipoises ( 38 ) 

^"0,00 1.16 2.32 I 4 77 ^60 I 19.40 



8 95 I 9.31 I 9.66 | 10.35 12 26 ! 18.12 


Wt. % . 0.00 


1.02 


8.11 


16.88 


17.92 


»72» 


8.95 


9.10 


11.27 


14.64 


15.18 


Wt. % 1 Wt. % Wt. % 

\ / 

|Wt. ^ 


1.171 

1.161 

1.167 

0.75 

1.00 

Scarpa 

1.172 

1.206 

viscome 

2.00 
3.00 
ter, t ss 

1.234 

1 271 
^Utif Ui 

i 4.00 
5.00 
+ fi) 


CijHtjOii, Sucrose 

V in millipoise.3 (K. E.). Wt. % m vactio; solutions suitable for 

standardiz ation of viscometers (<) 

W 


Wt.% 



t 



20 


40 


60 



40 


60 


Wt. % 

0.10 
0.25 
0.50 


CtHgOt, PyBOCATECHOL, O-CgHiCOH ); ( 28 ) 

v/V7.n llwt. %| ||Wt. %| r,/v^^ ||Wt. % 


trSS 



0.75 

1.132 

2.00 

1.25Q |j 4.00 


1.00 

1.204 

3.00 

1.238 11 5.00 

1.126 

1 Scarpa viscometer, t = 

(/i -f- f,) 


1 263 
1 251 


CeHiiOe, Dextrose 


0 

38.18 

148.2 


50 

9 74|25.06il40 6 

5 

31.66 

116.0 


55 

8 87 

22.27 

117 1 

10 

26 62 

i 

98.30 

1139 

60 

8.11 

19.89 

98.7 

15 

22.75 

74 96 

749 

65 

7.45 

17 85 

83 7 

20 

19 67 

62 23 

567 

70 

6.88 

16 14 

71 8 

25 

17.10 

52 06 

440.2 

75 

6.37 

14 67 

62.2 

30 

15.10 

43.98 

340 1 

80 

5.92 

13 39 

54.2 

35 

13.36 

37.76 

266.2 

85 

5.52 

12.26 

47 5 

40 

11.97 

32.61 

213.0 

90 


11.27 

41.7 

45 

10.74 

28.58 

172.4 

95 


10 41 

37 3 


Wt. % 

in vacuo 


17 in millipoises (3 7) 


25 


30 


35 


9.67 

18.66 

27.08 

34.94 

42.33 

49.33 


40® I 45 


50 


11.70 
15.86 
22. 3i 

33.3 

52.4 
88.2 


10 38 
13. 9i 
19. 4» 
28.80 
44.0 
72 .2 

viv 


f‘/\ 

i 5® ! 

10® 

mm 

0.1 

I.2I2 

1.024 

1.048 

0.25 

1.363 

I.2I0 

1.197 

0.5 

1.450 

1.329 

1.266 

0.76 

1.739 

1.52fl 

1.476 

1.0 

1.889 

1.637 

I.6I1 


9.24 
12.27 
17. Oo 
24.7a 
37.4 
60.2 
(43) 


8.34 

10.89 

15.03 

21.64 

32.2 

50.9 


7.52 
9:76 
13.30 
18 98 

27.80 

42.8 


1.027 
1.186 
1.289 
1 .447 

1.62i 


25 


30 


1.047 
1.198 
1.324 
1 .447 
1.588 


1.049 

1.199 

1.294 

1.464 

1.59? 


3^ 

I.OI3 
1.169 
1 237 
1.41i 
1.528 


6 89 
8.84 
11 93 
16.90 
24 35 
3^ 

Id 

1 .02o 

i.ie? 
1.188 
1.414 
1 .514 


^ coiifecUoner's glucose syrup (Com Prod- 

cts ^fining Company) and for mixtures of this with wa 
pure dextrose: 


• ^ /o / \ )• 

(The non-sucrose present in crude beet-sugar is equivalent, on 
the average, to ca. 0.97 of its weight of sucrose in solutions of the 
concentrations below. But a solution of a crude sugar (90% 
purity) gave a viscosity only 0.8 of that of a pure sucrose soIuUon 
of the same density, 1.314 at 19°C). 

Wt. 7o I ^0 i ij Wt. % 


1730 


^ao 


60 

0.57 ; 

0 34 

70 

4.47 

65 

1.35 

0.78 

75 




CisHjiOu.SHjO, Raffinose 
(0. 1 formal soln. had specific conductance of <2 X 10~* mhos at 
25°C); fused quartz viscometer (K. E.); P/1 tn rortio (^«) 


0.00®C 



25.00®C 


P/I at 0® , 

v/iw 

P/1 at 25® 

f 

'r\N^ 1 

P/1 at 50° 

0 . 038083 

1.06284 

0.037973 

1 . 05602 

0.037615 

0.058632 

1.10129 

0.058466 

1.08809 

0.057925 

0.102676 : 

1 

1 18881 

0.102297 

1 . 16262 

0.129787 

0.131202 

1 . 25233 

0.130727 

1.21713 

0.174336 

0.176625 

1 36048 

0 175818 

1.31230 


v/v* 


1 04723 
1 07780 
1 19272 
1 . 27057 
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INTERNATIONAL CRITICAL TABLES 


2CH*0.3H,0 1 Volumes i 0 25 50 75 100 

C,H,0.3H,0 \ 100 75 50 25 0 

nil 23.6 21.1 18.8 16.8 14.7 

nil 17.2 15.6 14.1 12.8 11.1 

nu 13 0 12.0 11.0 10.1 9.2 

nil 10.2 9.4 8.8 8.2 7.5 

Mixture of 1 volume water with 20 volumes of a mixture of equal 
volumes of methyl and ethyl alcohols; r, in millipoises (K . E.) (*) 

I 25 I 35 I 45 I 55 

'I I 9-89 I 7.97 I 6.73 | 5 66 

CtHiOH C>H»(OH)», Ethtl Alcohol AND Glycerol 
N « IF of glycerol per 1 of solu tion (34) 

Liquid I v/v,, 20° 

Water 1 

50% alcohol 2 807 

A' Glycerol in water 1 .275 

N Glycerol in 50 % alcohol 3 400 

N Glycerol in absolute alcohol j 77Q 

CiHtOH + C4 HioO, Ethyl Alcohol and Ether 
nil (^^);n» (30) 

CjHiOH + CuHijOii, Ethyl Alcohol and Sucrose 

n in millipoiscs (3T ) 

[in 20 Wt. % II 

alcohol ^ ^ aloobol 


Systems Containing Two Solutes 

(T-Arrangement (p. VoL III, p. viii) 

4- CiHiOH, Methyl and Ethyl Alcohols 
in millipoisea (K, E.) (3) 

ivolumes...! Ho 75 


0 

25 

50 

75 

100 

75 

50 

25 

23.6 

21.1 

18.8 

16.8 

17.2 

15.6 

14.1 

12.8 

13 0 

12.0 

11.0 

10.1 

10.2 

9.4 

8.8 

8.2 


n/niPi 20 
1 

2.807 

1.275 

3.400 

1.770 


In 60 Wt. % alcohol 


Wt. % sucrose. . . . . . | 0 

} 16.2 


■ 19 I 20 II 0 10 I 20 

- I lft-2 I 29.5 II 23.2 | 30.3 | 45.9 

Dextrose + Acetamide (43) 

Sucrose + Dextrose or Levulosb 
n in millipoisea (37) 


20 


% sucrose . . 
% dextrose . 

mi 

% sucrose. . 
% levulose . 

nil 


I 30 
I 77.0 


0 


5 


16.8 21.0 


20 

0 

16.8 


20 

5 

21.4 


20 

10 

26.5 

20 

10 

26.2 


20 

20 

47.5 

20 

20 

45.2 


10 

20 

26.0 

10 

20 

25.3 


_6 

20 
20. 1 

5 

20 

19.8 


0 
20 
16 8 

~0 

20 

16.2 


'111™ "• 

i tem* ConUlnin* Two Solutes, One an Electrolyte and the 

Other a Non-Electrolyte 

Alphabetical arrangement by non-electrolyte 
Acetone + Ca(NO,), (21) 

Acetone 4- CsCl (») 

Acetone 4- CsNO, (») 

Acetone 4- KCNS (23) 

Acetone 4- LiBb (22 ) 

Acetone 4- RbCl, RbBr, RbI oh RbNO, (7) 
Dextbose + HCi, KOH, or Tabtaric Acid («) 

Ether -f- HiSOi (*«) 

Ethyl Alcohol 4- Ca(NO,), (32) 

Ethyl Alcohol 4- CsCl or CsNO, (») 

Ethyl Alcohol 4- HCl or HBr (le.s) 

Ethyl Alcohol + KI (!•» 47) 

Ethyl Alcohol 4- KCNS (22) 

Ethyl Alcohol 4 - LiBr (22 ) 

Ethyl Alcohol 4- NaI (is.s, 4?) 

Ethyl Alcohol 4- NHiBr (is) 


Ethyl Alcohol 4- NHJ (•» *«) 
Glycerol 4- CoCl, (<®) 
Gltcbrpl"4- CbCl or CsNO, (®) 
Glycerol 4- CuSO, (*®) 
Glycerol 4* KCl (1«) 

Glycerol 4- KI (®0) 

Glycerol 4“ LiBr (®o) 

Glycerol 4- NaNO, (*■) 
Glycerol 4- RbBr (•) 

Gly'cbrol 4“ RbI (i®) 

Glycerol 4- SbCl, fi®) 

Methyl Alcohol 4- CsCl or CsNO, (•) 
Methyl Alcohol 4- KCNS (**) 
Methyl Alcohol 4- LiBr (22) 

Ibthyl Alcohol 4- HCl, HBr or NaI (1«-« 

Sucrose 4- LiCl; in millipoisea (K. E.) (17) 


0.05 

mi 


0.50 

mi 


10.71 

10.74 

10.92 

13.08 

13.12 

13.60 

16.37 

16.51 

17.40 

21.05 

21.28 

22.03 

27.84 

28.22 

31.23 

38.07 

38.71 

1 

44.10 

54.0 

55.2 

65.3 

79.9 

82.1 

102.6 

124.8 

130.0 

172.7 

218 

280 

310 


5.0 

mi 

12.50 

18.27 

28.46 

48.71 

05.8 


Mole ratio, LiCl/Ci,H«On = | Q | Q.QS | 0.50 | 5.0 

Sucrose, F /I, 25°C nn I mi | mi 

0T2 10.71 10.74 10.92 12.50 

04 13,08 13.12 13.60 18.27 

06 16.37 16.51 17.40 28.46 

0.8 21.05 21.28 22.93 48.71 

10 27.84 28.22 31.23 96.8 

1-2 38.07 38.71 44.10 231.7 

1 4 54.0 66.2 65.3 778 

1 0 79.9 82.1 102.6 

18 124.8 130.0 172.7 

2_0 218 280 I3IO 

Urea 4- HCv KCl or NaOH (3 4) 

Cellulose in Copranunonium Solutions 

Tj at 20®C of solutions of 20 g of cellulose in 1 1 cuprammonium 
hydroxide solution containing 13 g copper and 200 g ammonia 
per 1 may vary between 28 000 poises (by extrapolation) and 
0.4 poise according to the extent of degradation (Joyner) (* 4 ), 
The sliver used in JoyneFs work gave iy,o “ 5000 poises after 
boiling with water. 

The Research Department, Woolwich ( 4 ®) quotes figures of 216 
poises for sliver and 74 poises for wood cellulose at 20®C, using a 
solution containing 11 ± 0.2 g CHi, 206 ± 2 g ammonia, and 20 g 
cellulose per liter. 

Both the above workers confirm the conclusion of Gibson, 
Spencer and McCall (3 ®) as to the rapid lowering of i| on exposure 
to light or air. 

Farrow and Neale (3 3) fimj that a carefully bleached cotton cloth 

should give ijto == 10 to 300 poises when dissolved to a 2 % solution 

in cuprammonium solution containing 15 g Cu and 240 g ammonia 
per liter. 

EfTBCT OF Cu Concentration 

Two per cent cellulose solutions; i? in poises 

I 10|11.5| 13| 15|18|24|29.4 ^ 

• .. 12661 163|l29|10l|81|58|53.5 [ 

g/^ I 9.5 I 10.4 I 10. Q I 11 7 

n,o I lAo I 10-7 1 lOrt I in* NH,, 205 g/I (4*) 


NH„ 210 g/1 (»^) 


g/1 1 9 .5 I 10.4 I 10.9 I 11.7 

- I 160 I 137 i 130 I 121 

Effect of Concentration of Ammonia. — Joyner (*4) finds that with 
any concentration of copper and with either 1 % or 2 % solutions 
of various celluloses, increase of ammonia by 10 g/1 decreases 
logio ir by 0.047. 

Effect of Concentration of CeiUnlose. — Joyrer states that for his 
80 utioQ log «■ aC, where C * volume ooncentratioii and a is a 
constant for a given cellulose. Esirow and Neale (33), using 
TOvere y kiered aliver in their cuiHtunmonium solution^ find that 
e equation (1 4 - A/C) logi, «/«, » B represents the results 
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more accurately, A and B being constanta, and rj,, the viscosity of 
the solvent - 0.015 poise. 
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FLUIDITY OF NON-AQUEOUS SOLUTIONS 
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Contents 

The A-compooent key-formula 
does not begin with 16. 

Two-component systems. 

Three-component systems. 
The A-component has key- 
formula beginning with 16. 

Two-component systems. 

Three-component systems. 
Intboduction 

When the relation between 
specific volume and volume 
coDC6ntratioii is a lin6ar oixc ^ 
the fluidity is normally a linear 
function of the volume con- 
centration. Most of the liter- 
ature from which the fluidity 
data are taken contains the 
corresponding density values, 
but these have not been repro- 
duced here since such data are 
very fully given in another 
volume (v. Vol. Ill, p. 130). 
The accuracy is very difficult to 
estimate. Where data of differ- 
ent observers are available the 
agreement is in many cases not 

good. Differences of several per 

cent are not uncommon. 


Abbreviations, Symbols and 

Units 

nt Viscosity in poises at 

t, “C 

VI = - Muidity in rhes 

(reciprocal poises), at 

•’C 


Mati^res 

La formule cl6 du constituant 
A ne commence pas par 16. 

System es k deux constituants. 

Syst^mes k trois constituants. 
Le constituant A poseMe une 
formule cl6 commen^ant 
par 16. 

Systdmes ^ deux constitu- 
ants. 

Syst^mes k trois constituants. 

Introduction 

Lorsque la relation entre le 
volume 8p(k:ifique et la con- 
centration en volume est lin6- 
aire, la fluidity est norraalement 
une function lin^aire de la 
concentration en volume. La 
plupart des m^moires dont ont 
6t5 extraites les donn^es de 
fluidity contiennent les valeurs 
des density correspondantes, 
mais celles-ci n’ont paa 6t6 
reproduites ici car de telles 
valeurs ont d6ja €t6 donn^es 
d une fa9on complete dans une 
autre volume {v. Vol. Ill, p. 
130). n est tr^s difficile d'esti- 
mer la precision. Lorsque les 
donn6es d’observateurs diff6- 
rents sont disponibles on con- 
state quo I'accord est mauvais 
dans bien des cas. Des dif- 
ferences de pluaieurs pourceut 
ne sont pas rares, 

AbrAviaTIONS, STMBOLE8 ET 

unitAb 

Vt Viscosite en poises & 

f, 

~ ~ Fluidite en rhes 
(poises reciproques) k 


Inhaltsverzeichnis 
Die Schlusselformcl der A-Kom- 
ponente beginnt nicht mit 
16. 

Zweikomponenten Systeme. 

Dreikomponenten Systeme. 
Die A-Komponente hat eine 
mit 16 beginnende Schliis- 
selformel. 

Zweikomponenten Systeme. 

Dreikomponenten Systeme. 

Einleitung 

W’^enn die Beziehung zwischen 
dem spezifiechen Volumen und 
der Volumkonzentration linear 
ist, so ist gewohniich die Fluidi- 
tat eine lineare Funktion der 
Volumkonzen tration . Viele 

der Literaturstellen denen 
Daten fiber die Fluiditat ent- 
nommen worden sind, enthal- 
ten die entsprechenden Dichten, 
welche aber in diesem Abschnitt 
nicht angegeben werden, da sie 
sehr voUst^dig in einem 
anderen Band {siehe Bd. Ill, 
S. 130) vorgefunden werden 
konnen. Es ist sehr schwer 
die Genauigkeit abzuschatzen. 
Wo Daten versohiedener Beo- 
bachter vorhanden sind, ist 
in sehr vielen Fallen die Uber- 
einstimmung nicht gut. Dif- 
ferenzen von mehreren Prozen- 
ten sind nicht ungewohnlich. 

AbkOkzungen, Zeichen und 

Einheiten 

fit Viscositat in Poise, 
bei t, 

v< “ “ Fluiditat in rhes (in 

nt ' 

reziproken Poise), bei 

t, °C 


IndiCB p.,az 

La lormula chiave del 
componente A non 
comincia con 16 
Sistemi a due compo- 

nenti 26 

Sistemi a tre componenti 30 
Componente A ha una 
formula chiave che 
comincia con 16. 

Sistemi a due compo- 

nenii 3I 

Sistemi a tre componenti 51 

Introduzione 

Quando il volume specifico 
varia lineannente con la con- 
centrazione in volume, la fluidity 
e di regola una funzione lineare 
di questa. La znaggior parte 
della letteratura dAlla quale 
sono stati tratti i dati di fluidity 
contiene an che i corrispondenti 
valori di densiti; queeti perd 
non sono stati liprodotti qui 
perch 6 essi sono stati riuniti in 
un altro volume (v. Vol. Ill, 
p. 130). £ molto difficile valu- 

tare la precisione dei dati. La 
concordanza fra i valori di 
osservatori diversi in molti casi 
non k buona. Vi sono spesso 
differenze di alcuni percent!. 


Abbreviazioni, szmboli e 

unitA 

171 ViscositA in poises a 

v< * — Fluidity in rhes 
(poises reciproci) a 
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Abbreviations. — {CorUinued) 
g B/1 Grams of B in one 
liter of mixture 

M B/1 Moles of B in one 
liter of mixture 

M B/1 A Moles of B in one 

liter of A 

.M B/kg Moles of B in one 
kilogram of mixture 
g B/kg A Grams of B in one 

kilogram of A 

\Vt. % B Grams B in 100 g of 

mixture 

M 9o B Moles B in 100 moles 
of mixture 

Vol. % B Volume of B in 100 

volumes of mixture 

Arrangement 

The following tables are 
divided into two sections as 
shown above in the table of 
contents. Section I is an 
Table and follows the Standard 
Armr.gement (w. Vol. Ill, p. 
viii). Section II is a (T-Table 
and follows the (T-arrangement. 


Abr^viations. — {Suite) 
g B/1 Grammes de B par 
litre dc melange 
M B/1 Mol. gr. de B par 
litre de melange 
M B/i A Mol. gr. de B par 

litre de A 

M B/kg Mol. gr.de B par kilo- 
gramme de melange 
g B/kg A Grammes de B par 

kg de A 

Wt. % B Grammes de B dans 

100 g de melange 
M % B Mol. gr. de B pour 
100 mol. gr. du m6- 
lange 

Vol. % B Volume de B dans 

100 volumes du 
melange 

Arrangement 

Les tables suivantes sont 
divifldes en deux sections, ainsi 
qu'il estmontr^ci-dcBsusdansla 
table des matidres. La Section 
I est une Table A-^ et elle suit 
rarrangement type (c. Vol. Ill, 
p. viii). La Section II est une 
Table (L et elle suit Tarrange- 
ment <t. 


AbkOrzunoen. — (Forlseizung) 
g B/1 Gramme von B in 
1 Liter der Mischung 
M B/1 Mole von B in 1 Liter 
der Mischung 

M B/1 A Mole von B in 1 Liter 

von A 

M BAg Mole von B in 1 Kilo- 
gramm der Mischung 
g BAg A Gramme von B in 1 

Kilogramm von A 
Wt. % B Gramme von B in 

100 g der Mischung 

M % B Mole von B in 100 
Molen der Mischung 

Vol. % B Volumen von B in 

100 Volurateilen der 
Miscbimg 

Anordnung 

Die folgenden Tabellen sind 
in zwei Abschnitte, entkprech- 
end dem obigen Inhaltsver- 
zcichnis, geteilt. Abschnitt I ist 
eine A-^ Tafel und folgt der 
Standardanordnung {sieJte Bd. 
Ill, S. viii). Abschnitt II ist 
eine C-Tafel und folgt der 
C* Anordnung. 


Abb REyiAXiONi.-^ (CorU.) 
g B/1 Granuni di B in un 
litre di miscu^o 
M B/1 Molecole di B in un 
litre di miscuglio 
M B/1 A Molecole di B in un 

litro di A 

M B/kg Molecole di B in un 
chik) di miscuglio 
g B/kg A Grammi di B in un 

chilo di A 

Wt. % B Grammi di B in 100 

g di miscuglio 

M % B Molecole di B in 100 
di miscuglio 

Vol. % B Volume di B in 100 

di miscuglio 

Ordinamento * 

Le tabelle seguenti sono divise 
in due sezioni, come si d visto 
sopra, neirindice. La Sesione 
I d una Tabella A-^ e segue 
rordinamento standard {v. Vol. 
ni, p. viii). La Sezione II d 
ui|a Tabella <£ e segue rordina- 
mento C. 


THE A-COMPONENT KEY -FORMULA DOES NOT BEGIN 

WITH 16 

A-:& Table, Standard Arrangement (v. Vol. Ill, p. viii) 

Two-Component Systems 


wt. 

% B 
0.00 

12.50 
26.00 

37.50 

50.00 
62.60 

76.00 
87.60 

100.00 


HjS04 

B - HNO, (»s) 

Vol. I . «io I 






% B 

0.00 3.00 4.60 7.90 

14.76 1.65 2.56 5.45 

28.77 1.80 2.85 6.30 


42.11 2.60 3.70 8.35 

68.40 6.40 8.25 16.05 

66.89 7.76 11.66 20.10 

78.46 29.26 37.90 69.20 

89.46 41.40 62.36 76.80 
100.00 96.40 113.9 147.1 


•/I 

14 

14 

9 

9 

7 


NH, 

NH4Br (48) 

5 ^- 11. 1 

329.8 

300.9 
256.3 
185.8 

68.46 


Cn(NO,),.4HH, (48) 


05 

26 

62 

18 

2 


B 

0.202 

0.359 


347.2 
313.4 
287.7 
235 5 

127.2 


Agl(48) 

355.9 

335.6 


B = Agl, — {CorUinued) 


M B/1 

V>-3I<3 

0.846 

284.8 

1.98 

195.9 

3.38 

108.6 

7 26 

10 12 


B * 
0.162 
0.276 
0 592 

B =. 
0.056 
0.107 
0.146 
0.182 
0.246 

O. 310 

P. 420 
0.628 
0.900 
L63 
3.30 


B 

0.066 

0.110 

0.187 

0.321 

0.645 

1.17 


AgNO, ( 48 ) 

349.2 

329.6 
282.7 

NaNOi ( 48 ) 

367.1 

363.1 

359.7 

356.1 
347.4 

341.3 

328.6 

314.7 

276.7 
224.0 

113.8 


8 

3 

3 

3 


M B/1 
2.01 
4.31 
0.6 
1.0 
2 6 


189.7 

69.17 

48.06* 

40.40* 

23.43* 


* At preaaurc of aaturated ypor 

Bi 


B = BiCl, (3) 


M % A 




0.0 

3.12 

3.39 

3.70 

9.3 

2.44 

2.70 

2.98 

18.6 



2.13 

M % A 

•pno 


^310 

0.0 

4.00 

4.35 

4.65 

9.3 

3.28 

3.61 

3.85 

18.6 

2.35 

2.63 

2.90 

30.2 


1.64 

1.84 

M % A 

^•90 

^330 

^340 

0.00 

4.88 

6.26 

6.66 

9.3 

4.08 

4.26 

4.54 

18.6 

3.12 

3.33 

3.61 

30.2 

2 02 

2 92 

Q ei 

40. i 

Pm • vv 

1.14 

1.29 

u • 01 

1 


HCl 

CH4O, Methyl alcohol 

(81. S) 


CiH«0, Ethyl alcohol 

(51. 8) 

HBr 

CtH«0, Ethyl alcohol 

(81.8) 



cu 

B » 

CC14 (•■) 

Wt. % B 

t»*»* 

97.24 

124.8 

98.18 

120.3 

98.92 

117.3 

100.0 

112.6 

• At pr«8ure of Mturatod vacor. 1 


B 

g A/1 
0.0 
6.8 

13.6 

27.6 
54.0 

108.0 

214.6 


B - 
0.0 
1.5 
2.9 
6.7 
11.6 

22.9 

44.9 


Is 

CS, (117) 

248.7 

248.4 

246.8 
244.7 

243.9 

233.4 
222.0 


B - CHCl, (>*^) 

.0 168.3 

.5 169.9 

.9 168.4 

.7 168.5 

.5 169.2 

.9 168.8 

9 167.7 


CtHeO, Ethyl alcohol 
(117) 


0.0 

2.1 

4.2 

8.4 


89.8 

89.2 

89.0 

88.6 
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CtH«0. — {Continued) 


g A/1 


16 6 

87.8 

33.2 

86.4 

66.9 

84.7 


CH 4 O, Methvl alcohol* 


C 4 H,oO, Ethyl ether (>>7) 


0.0 

416.7 

6.7 

418.4 

13.2 

413.7 

26.2 

403.7 

52.0 

393.8 

96.0 

373.1 

189.7 

333 . 6 

B = CftHi, Benrene 

0.0 

165.1 

4.1 

165.2 

7.7 

164.8 

14.2 

164.3 

28.4 

162.8 

66.4 

169.8 

72.4 

164.7 

s 


B - CS, 

(*) 

Wt. % A 


0 . 0 * 

282.6 

5. 36* 

261.8 

13.12* 

236.3 

3.61t 

268.8 


7.92t 
3.26t\ 
3.11* / 
6.60t 1 
6.31* / 

• Rhombic, Sx- 

t - Encel. Sp. 
t — Magnus, Sr. 


266.4 

260.4 

236.8 



Wt. % B 

0.0 

18.16 

20.27 
26.10 
29.29 
40.89 

61.27 
68.76 
74.47 
91.98 

100 00 


391.3 

320.7 

310.3 

291.2 
281.1 

239.3 
216.6 

191.7 

188.8 

184.4 
183 2 


B - CtH,.* 

— {CorUinuf/i) 

Wt. % B 


86.00 

204 . 9 

92 62 

196.3 

96.79 

187.3 

98.71 

i8;i.5 

100 00 

181 4 


B — CjBeOf 
0.00 

12 32 

Acetone (•*) 
390.7 

352.1 

20.80 

331.6 

44.90 

293.7 

47.83 

293 3 

57.56 

288.1 

69.40 

291.6 

73.48 

292.9 

77.78 

297.2 

81.98 

301.8 

94.66 

■ 320.3 

100.00 

328.9 

4 

B = C 4 H 10 O, Ethyl ether (®®) 

0.00 

390.7 

30.46 

347.7 

60.56 

347.2 

67.00 

356.6 

63.71 

362.4 

66.47 

363.2 

85.80 

409.3 

88.30 i 

416.7 

91.67 

426.0 

96.00 

434.3 

100.00 

448.2 

B =* Bensene* (®®) 

0.00 

390.7 

26 39 

329.8 

60.44 

266.7 

62.58 

263.3 

80.76 

203.7 

92.62 

185.2 

96.48 

177.6 

97.28 

174.2 

100.00 

167.8 

B « 

Heptane* (•*) 

96.82 

268.9 

98.29 

266.6 

100.00 

259.4 

B = CtHs, Toluene* (•*) 

0.00 

390.7 

21.43 

326.8 

27.96 

321.9 

52.00 

266.7 

62.92 

266.1 

71.96 

219.4 

72.76 

217.6 

74.72 

216.7 

1 ^ At presBUM of aaturated v^por. | 


B *= Xylene* (»») 

S4.67 

187.5 

89.08 

178.5 

91.22 

175.6 

93.28 

171.8 

95.00 

169.4 

96.48 

167.6 

100.00 

165 5 

H.S 

B - CHCl, 

* (»») 

99.713 

192.1 

99.807 

190.2 

100.00 

184.4 

* At pressure of saturated vapor. 

H 2 SO 

4 

B = CsH«Ot) Acetic acid (*®) 

Wt. % B 

^ 6 .* 

0.00 3.712 

19.87 

9.93 2.384 

13.94 

29.88 0.729 

9.33 

60.18 0.872 

10.6 

70.07 3.190 

25.7 

90.01 26.20 

79.6 

100.00 75.00 

177.4 

B = CiHfSOi, Dimethyl erxil- 

fate (*«) 

Wt. % B ^ 


0.00 2.06 

18.9 

24.98 3.19 

24.4 

60.15 6.48 

36.6 

75.02 14.29 

66.9 

100.00 36.60 

124.7 

B » C 4 H 10 O, Ethyl ether (*^*) 

Wt. % B 


0.0 

4.76 

2.50 

6.30 

6.00 

6.26 

10.00 

7.64 

16.00 

7.86 

20.00 

7.46 

26.00 

6.68 

30.00 

6.28 

36.00 

6.19 

40.00 

6.96 

46.00 

9.09 

50.00 

13.88 

66.436 

28.74 

60.875 

46.68 

70.399 

101.8 

78.221 

172.7 

83.223 

229.4 

90.172 

322.9 

93.370 

366.3 

100.00 

468.6 


NH, 

H - CH.N.O, I rt fi 
M ll/l j v'-ij I 
i) :m :irA\ - \ 

0 :i7G 361 0 

0 .6*37 :iio 2 

O.HlKi 

o.fKki ;wk; 0 

2 070 213 0 


C iiHiiOi I, 
0.022 
0.030 
0.070 
0 . 121 
0.220 
0.3918 
0 921 


307 2 
300 (1 
345 0 
321 I 
278 . 0 
104 3 
41 70 


,4!» , 


NH4Br 

B = CHjNO, FonnamiOe (23, 



NH 4 NO, 

B = CHjNO, Formamide (63) 

M A/1 ^,4 *Pth I 

0.0 22.89 30.3 38.0 

0.1 22.35 29.5 36.4 

0.25 22.00 29.3 36.4 

0.5 21.37 28.4 35.4 




B = C 4 H 10 O, Ethyl ether (® 2 , 
M % A 

•Plb j *Pi2 

0 409.8 429.2 

26 99.2 108.2 

33.4 61.2 59.6 

50 16.3 18.98 
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SbCls. — {Ccmiinued) 

B = C 4 H 10 O. — {Continued) 


M % A 


•ft! 

70 

6 . 53 

8.64 

76 

5.80 

7.94 

80 

5.65 

7.49 

85 

5 91 

7.85 


B — Benzene (*^» ®5) 


Wt. Vc B 

V>75 

0 

42.4 

16 

44.3 

25 

'48.8 

33.4 

53.9 

50 

76.9 

66.6 

127.2 

75 

165.0 

100 

296 7 


B = CSH 7 N, Aniline ®5) 


M % B 

•P9L 


0.0 

138.1 

432.9 

25 0 

16.61 

92.42 

33 33 

6.61 


45.0 

2.89 


60.0 

2.64 

28.05 

62.5 

2.67 

28.00 

55 0 

2.82 

28.22 

66 67 

5.71 


100.00 

66.27 

201.2 


B CiaHit^ Diphenylmethane 

(84, 85) 


M % B 

^roo 

0 

65.6 

15 

60.4 

20 

49.7 

25 

49.7 

34.87 

% 

63.4 

60 

1 67.1 

100 

120.9 

B =» CuHic, Triphenylmethane 


1 8S) 

0 

65.6 

33.33 

30.85 

60 

29.6 

65 

28.9 

60 

28.5 

66.67 

29.0 

100 

31.0 


SbBr, 

B =■ CtHtO, Acetophenone 

(•4, 88) 


M % A 


•fito I 


0 

61.8 


153.1 

25 

9.43 

17.78 



1.64 

3.23 


45 

1.27 

2.62 

16.66 

48 


2.549 

14.93 

60 

BBS! 

2.353 

14.34 

61 

1.069 

2.439 

13.82 

62 


2.46 

13.19 

60 

1.872 

4.44 



3.167 

7.39 

23.26 

86 

1 

1 

15.80 

26.11 

100 

1 




B » CiiHtoO, Bcncophenone 

(84, 88) 


Wt. % A 



0.0 

7.35 

57.3 

33.33 

0.552 ; 

26.8 

50.0 

0.2086 ; 

19.9 

55.0 

0.1812 


60.0 

0.1766 

17.7 

66.67 

0.2118 

17.2 

70.0 


17.4 

75.0 

1 

17.7 

100.0 

1 

30.2 


SnCU 

B = CaH«0}, Ethyl formate 

(87, 88) 


M % B 


^40 

^60 

0 

124.1 

137.9 

149.7 

25 

65 5 

77.4 

89.69 

50 

14.56 


26.65 

64 

2.27 

4.25 

7.02 

66.5 

1.73 

3.38 

5.97 

68 

1.91 

3.62 

6.21 

70 

3.21 

5.25 

8.03 

75 

113.8 

16.66 

20.39 

100 

266.7 

292.4 

321.6 


B =5 C 4 HaOs, Ethyl acetate 

(87, 88) 


M % B 



*P70 

0 

108.8 

149.7 

166.7 

30 

62.82 

80.32 

100.8 

50 

15.50 

30.93 

47.9 

64.1 

2.60 

9.79 

22.8 

65.4 

2.14 

9.16 

21.7 

66.6 

1.99 

8.89 

21.6 

67.4 

2.23 

9.53 

22.8 

75 

8.51 

20.2 

: 36.3 

100 

226.8 

289.9 

363 


B = C«HaOt, Propyl formate 

(87, 88) 


M % B 


^70 

0 

, 149.7 

166.7 

25 

1 83.1 

111.6 

50 

23.35 

39.56 

65 

6.53 

16.13 

66.6 

6.07 

15.2% 

68 

6.67 

16.49 

76 

17.06 

30.97 

100 

253.8 

307.7 

B »= C»HioOt, Ethyl propion- 

ate (®o. ®i 

) 

M % B 

1 

^70 



166.4 

10 


149.9 

25 

1 

62.62 

123.9 

40 

34.66 

89.29 

50 

18.96 

65.92 

60 

7.47 

1 

46.58 

65 

4.67 

44.50 


4.87 

46.17 

65.87 

4.86 

47.06 

66.67 

4.97 

48.37 

67.11 


48.3 


1 7.29 

53.0 


B « C*HioOi.— (C(m4inue<i) I B « CbHtN, Ethylamine (4«) 


M % B 

ffiu 

«»T0 

75 

16.7 

66.6 

90 

95.1 

276.2 

100 

189.0 

304.0 


B = C»HioOt, Methyl butyrate 

(87, 88) 

108.8 
4.63 
18.32 


M % B 
0 

66.5 

100 


149.7 

20.62 

266.0 


1^70 

166.7 

47.8 

320.5 


B = C»H«, Benzene (*7» ®®) 


M % B 


^7# 

0 

108.8 

166.7 

25 

140.2 

204.5 

50 

156.7 

250.6 

75 

166.7 

266.7 

100 

164.5 

275.5 


B = CeHiiO], Ethyl butyrate 

(67, 88) 


M % B 


y’M 

V>70 

0 

108.8 

149.7 

166.7 

25 

52.8 

80.3 

100.8 

50 

24.2 

34.9 

55.8 

64 

5.32 

18.8 

41.6 

65 

5 . 04 ! 

18.7 

42.2 

66 

5.10 

18.9 

42.5 

66.7 

5.18 

19.1 

42.9 

67.5 

5.50 

19.9 

44.2 

69.2 

6.84 

22.3 

48.1 

75 

15.56 

36.3 

66.1 

100 

159.2 

214.6 

311.5 


B * C»H loOx, Ethyl benzoate 

(87, 88) 


M % B 



^70 

0 

49.2 

78.1 

104.7 

25 

12.6 

1 

37.8 

64.3 

33.4 

8.63, 

31.3 

56.6 

35 

8.49 

31.0 

56.3 

37.5 

8.43 

30.3 

55.7 

40 

8.44 

29.7 

53.9 

45 

9.48 

29.9 

54.0 

50 

12.1 

32.7 

57.4 

70 

36.8 

64.2 

91.0 

100 

108.8 

149.9 

166.7 


B 


HgCl, 

CHiNO, Formamide (*4) 


M A/1 


^s* 


0.0 

23.2 

31.0 

39.8 

0.1 

22,2 

29.6 


0.25 

21.3 

28.3 



Agl 

CHftN, Methylamine (48) 


M A/1 

a 


1.08 

293.9 

1.24 

282.7 

2.31 

197.0 

B » CxHtN, 

Oimethylamine 

(40) 

M A/1 


0.3195 

199.1 

0.6375 

179.9 

1.366 

125.1 


M A/1 
0.1012 
0.1728 
0.3494 
0.6339 
1.116 


165.4 
156.9 

144.5 
125.1 
100.4 


AgNO, 

B = CHJf, 

Methylamine 

(^»)i 

; cf, (79) 

0.99 

221.6 

1.29 

180.8 

1.48 

152.6 

1.91 

111.1 

2.76 

55.64 

3.57 

29.78 

B = CjHJf, Acetonitrile (»*») 

Wt. % B 


43.07 

15.4 

68.09 

95.6 

85.93 

190.8 

. 95.20 

244.5 

100.00 

278.6 

B = CjHtN, Ethylamine (<0} 

M A/1 


0.03436 

168.2 

0.07045 

159.5 

0.1402 

140.8 

0.2785 

123.9 

0.5420 

103.1 

0.7411 

72.78 

1.999 

14.09 

B * CjH»N, Propylamine (^®) 

0.1387 

82.1 

0.2802 

66.7 

B = CgHJf, 

Pyridine (***) 

Wt. % B 


73.93 

17.6 

85.12 

48.8 

90.41 

74.3 

95.96 

90.6 

100.00 

112.2 

B a CfHcCUT, ?n-Chloro- 

aniline 

M % B 


92.11 

10 9 

96.91 

20.7 

98.82 

25.5 

99.49 

27.3 

99.81 

28.0 

99.92 

28.4 

100.00 

28.6 

B » CtHrN, 

Aniline 

Wt. % B 


89.79 

11.16 

93.92 

16.67 

96.98 

21.79 

98.13 

23.47 

100.00 

27.03 

B - C.H,N, Quinoline («*«) 

94.08 

14.4 

97.19 

21.5 

98.60 

25.4 

100.00 

29.6 
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CoBr, 

B - CHiNO, Formainiae (•^) 

M A/1 It'll I tpti I rii 

0.0 23.25 31.06 39.34 

0.1 20.44 27.03 34.88 


Ca(NO,), 

CsH«0, Ethyl alcohol 

(IBS) 


Wt. % B 

ptb 

96 

6.0 

97 

12.0 

98 

26.0 

99 

61.0 

100 

92.3 


Sr(NO,), 

B =s CHjNO, Formamide (®3) 
M A/1 

1^11 I ^11 I tpii 

0.0 22.7 30.1 37.8 

0.1 20.2 27.1 33.8 

29.8 


0.25 


^\b 

^11 

22.7 

30.1 

20.2 

27.1 

17.4 

23.5 


Jm: 


Ba(N03) 


M A/1 
0.0 
0.1 
0.25 


^11 

¥>u 

22.6 

30.0 

20.4 

27.1 

17.2 

22.3 


•Pib 

37.7 

34.1 

29.5 


Ba(CNS)j 

B = CjHyN, Ethylamine (^o) 


M A/1 
0.1392 


139.0 


B — CjHeO, Ethyl alcohol 

(143) 

g A/kg B 

0.00 76.9 

2.587 71.2 

4.824 67.7 

10 48 60.9 

20.93 60.6 

35 01 40.3 

45.16 33.4 


LiCHO, 

Formate 

CHiOi, Formic acid 


M A/I 

y'la 

0.000 

53.6 

0.08613 

60.6 

0.1292 

49.3 

0.1810 

47.9 

0.2703 

45.2 

0.3441 

43.4 

0.4336 

41.5 

M A/1 

^ib 

0.000 

62.3 

0.08583 

69.0 

0.1347 

67.2 

0.2039 

55.0 

0.2605 

53.2 

0.4064 

49.1 

0.4669 

47 5 


B = CHjNO, Formamide (®3) 


M A/1 
0.0 

^11 

22.7 

1 

<pu 

30.0 

•Pib 

37 5 

0.15 

21.6 

28.6 

35.8 

0.25 

19.6 

26.4 

32.9 

0.5 

17.6 

23.7 

29.8 


NaBr 

B = CHiNO, Formamide (®^) 
M A/1 I (fiig I ifi.t I /«.. 


0.0 

0.1 

0.25 

0.5 


iPlb 

•fi^b 

<Pbb 

23.4 

31.3 

39.8 

22.1 

29.3 

37.5 

20.5 

27.2 

35.2 

17.9 

24.6 

32 0 


B = CHiO, Methyl alcohol 

(42.5) 



0.0 

0.1 

0.25 

0.5 




Nal 

B = CHjNO, Formamide (®®) 
M A/1 I 

0.0 23.2 30.3 38.9 

0.1 22.1 29.6 37.7 

0.25 20.7 27.5 35.7 

18.4 25.0 32 6 


30.3 38.9 

29.6 37.7 


27.5 35.7 

25.0 32.6 


B = CH 4 O, Methyl alcohol 

(«*5) 


B — CiHjO, Ethyl alcohol 
(i«); cf. (51-5) 

M A/1 ipii t v'Ji 

0.0 77.4 94.9 114.8 

0.125 70.2 84.0 101.9 


NaNO 


M A/1 

^ift 

^11 

¥>bb 

0.0 

22.7 

30.0 

37.5 

0.1 

21.6 

28.5 

35.9 

0.25 

19.9 

26.8 

33.6 

0.5 

17.9 

24.3 

31.0 


= CH&N, Methylamine (®®) 
M A/1 ^ 

0.226 389 

0.387 365 

0.575 338 

1 075 267 


NaCHO, 

Formate 

CHiOii Formic acid 


M A/1 


0.0 

53.6 

0.06191 

51.2 

0.08267 

60.5 

0. 1283 

49.0 

0.2107 

46.4 

0 . 3027 

43.9 

0.4925 

38.9 

0.5642 

37.4 

M A /I 

fPib 

0.04228 

59.9 

0.06941 

58.8 

0.1124 

67.4 

0.2382 

52.8 

0.4460 

46.7 

0.5759 

43.4 

0.7436 

39.5 

0 . 9876 

34.2 


B = CHjNO, Formamide (53) 
M A/I 
0.0 
0.1 
0.25 
0.5 


30.0 

28.5 

26.2 

23.3 


37 5 
35.7 

32.9 

29.9 


.0 

.1 

.25 


NaC7H502 

Benzoate 

CHjNO, Formamide (* 3 ) 

30.1 

27.7 

24.7 


WaC 

Salicylate 

CHjNO, Formamide (« 3 ) 


M A/1 

^11 . 

*ptb 

« 4 

<Pbb 

0.0 

22.8 

30.1 

37.8 

0.1 

20.9 

28.0 

35.0 

0.26 

18.6 

25.1 

31.9 


Na2C4H404 

Succinate 

B — CHjNO, Formamide (53) 

M A/1 tfin 

0.0 22.7 an 1 37.3 

32.1 


0.01 


^11 


22.7 

30.1 

19.0 

' 25.6 


NaCJEIsSOa 

Benzenesulfonate 
B — CHjNO, Formamide (® 3 ) 
M A/1 (Oil ^5 ^35 

0.0 22.8 30.15 37.8 

0.1 21.2 28.14 35.3 


KaC 7^31^^206 
1 , 3, 5-Dinitrobenzoate 
B = CHjNO, Formamide (* 3 ) 
M A/1 (pjj 

0.0 22 7 .^n 1 37 7 


0.1 


fpii 

<P7b 

22.7 

30.1 

1 20.2 

27.2 


37.7 
33 9 


NaC7HJ^02 
m-AininohenzoaU* 
CHjNO, Konnarni^lc (' 53 ) 


M A /I 

i 

•pib i >p%b 

0.0 

22,7 

30 1 : 37.7 

0 1 

20 5 

27 2 ! .31 1 


Na2Cr04 

CHjNO, Forniarnide (^*j 


M A /I 

1 

<pib 

•Pib 

0 0 

23 , 2 

' 31 0 

0 1 

20 1 

27.3 


KCl 

B = CHjNO, Formamide 


M A /I 

1 

i>ib 


>pii 

0.0 

23.2 

30 2 

39 . 3 

0.1 

21.9 

29.5 j 

37.8 

0.25 

21.2 

28 0 j 

35.8 

0.5 

19.0 

25.5 ' 

33 . 3 


B = CHjO, Methyl alcohol 

( 42 . 5 ) 


KBr 

B = CH^O, Methyl alcohol 

(42.5) 


B = CH 4 O, 

Methyl alcohol 

(*®3); for more recent data, c/. 

(42.5) 

g A/kg E 

V>16 

5.74 

154.7 

11.87 

152.3 

22.65 

148.4 

45.74 

139 5 

76.74 

130.2 

116.94 

121.5 

g A/kg B ^,5 1 


I 


B = CHjNO, Formamide (®^) 

M A/1 

^11 

^7b 


0.0 

( 

23.2 

30.3 

38 . 9 ;'i 

0.1 

22.6 

29.8 

38.0 ; 

0.25 

21.6 

28.4 

36.8 ; 

0.5 

20.1 


34.7 ] 



KNO3 

B = CH 3 NO, Formamide ( 53 ) 
M A/1 I I 


0.0 

0.1 

0.25 

0.5 


¥>ib 

22.9 

21.8 

20.7 

19.4 


•Pib 

30 . 3 
29. (; 


27 / 


:?5 9 


•Pii 

38.0 
36.4 
35 5 
32 9 


I 


! 




' 
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KCHO, 

Formate 

B = CH,0,, Formic acid (133) 


M A/1 


0.0548 

, 59.5 

0 . 0733 

58. 9 

0.1787 

55.2 

0.1888 

54.9 

0.2099 

54.6 

0.2619 

53.1 

0 . 2878 

52.7 

0 3195 

51 5 

0.3917 

49.4 

0.4445 

48.4 

0.6104 

41.7 


KCNS 

B = CHiNO, Formamide (•^) 


M A/1 

^11 


•fin 

0.0 

23.3 

30.7 

39.1 

0 1 

22.9 

30.5 

38.8 

0.25 

21.8 

28.8 

36.9 

0.5 

20.4 

27.4 

35.2 


RbCl 


B — CHiNO, Formamide (•<) 


M A /I 

•fin 

•fin 


0.0 

23.3 

30.7 

39.0 

0.1 

22.3 

29.4 

38.1 

0.25 

20.9 

27.7 

36.0 

0.5 

19.1 

25.8 

33.8 


RbBr 


B *> CHiNO, Formamide 


M A/1 

•fin 

•fin 

•fin 

0.0 

23.2 

30.7 

39.0 

0.1 

22.4 

29.5 

37.8 

0.25 

21.5 

28.6 

36.8 


Rbl 

B = CH|NO, Formamide 


M A/1 

f’U 

•fit^ 

•fith 

0.0 

23.80 

31.18 

40.06 

0.1 

22.56 

29.87 

37.97 

0 25 

21.54 

28.55 

36.54 

0 5 

20.22 

27.66 

34.90 


RbNOa 

B = CHsNO, Formamide (•<) 


M A/1 

•fin 

•fin 

•fin 

0.0 

23.3 

30.7 

39.0 

0.1 

22.6 

29.9 

38.2 

0.25 

21.8 

29.2 

37.4 


RbCHOj 

Formate 

B =* CHjNO, Formamide («3) 


M A/1 1 

•fit* 

0.0 

30.4 

0.1 

29.1 

0.25 

28.1 


CsCl 


B = CHiNO, Formamide (33) 



















CsNOi 


B — CHilVO, Formamide (*3) 


M A/1 

•fin 

1^1 

•fin 

0.0 

23.2 

30.8 


0.1 

22.4 

29.7 

37.9 

0.25 

21.7 

28.8 

36.7 


Thrbb-Compokbmt Ststsms 


Argon 

B * o, 

c « N, (147. I4t) 

% A I ‘^K 1 ^ 

9.6% B; 89% C 
15 I 77.91 I 626.4 
36% B;63% C 
2 ! 79.67 1 696.9 

61% B;36% C 
. 3 1 82.34 I 636.1 

96% B; 1% C 
^ i 80.62 I 627.6 


g A/I 
126.92 
112.86 
in 07 
108.78 
106.73 
101 . 


166.1 

169.1 

168.2 
157.3 
166.6 
163.6 


RH4Br 

B ” CH.O, Methyl alcohol 
C — Glycerol (•*) 

♦’ll I irii I rii 

No solute 

0.0 Wt. % C in (B + C) 
171.2 I 197.4 I 223.7 

26.0 Wt. % Cin (B + C)' 

S3 0 I 67.6 I 83.7 

50.0 Wt. % C in (B + C) 

10.4 I 16.4 I 22.6 

76.0 Wt. % C in (B + C) 

1.61 1 2.84 I 4.79 

100.0 Wt. % C in (B 4- C) 

0.166 1 0.368 1 0.74 

0.1N NH<Br 
0.0 Wt. % C in (B + C) 
169.9 I 184.8 I 211.2 

26.0 Wt. % C in (B + C) 

48.6 I 62.1 I 76.0 

60.0 Wt. % C in (B + C) 

10.8 I 16.9 I 22.9 

76.0 Wt. % C in (B + C) 

167 I 2.99 I 4.97 

100.0 Wt. % C in (B + C) 
0.106 1 0.368 I 0,74 



B ~ CiHiO, Ethyl alcohol 
C = C AO„ Glycerol (**) 

♦’ll I ♦’ll I rn 

No solute 

0.0 Wt. % C in (B + C) 

93.7 I 116.2 I 137.7 

26.0 Wt. % C in (B + C) 
23.9 I 32.8 I 43.4 


60.0 Wt. % C in (B + C) 

4.71 I 7.40 I 11..6 

76.0 Wt. % C in (B + C) 
0.972 I 1.83 I 3.22 

100.0 Wt. % C in (B + C) 

0.166 I 0.368 I 0.740 

O.IN NHiBr 
0.0 Wt. % C in (B + C) 

86.1 I 105.1 I 125.3 

26.0 Wt. % C in (B + C) 

22.7 I 31.0 I 40.9 

60.0 Wt. % C in (B + C) 
4.73 I 7.66 I 11.64 

76.0 Wt. % C in (B + C) 
0.92 I 1.73 I 3.04 

100.0 Wt. % C in. (B + C) 

0.166 I 0349 I 0.714 

Cu(NOs)s 

B « CtH«0, Ethyl alcohol 
C — CtHaO, Acetone (•*) 


Wt.* 

1 •fit 1 

No solute 

1 •fin 

0 

53.9 

90.4 

25 

96.1 1 

148.9 

50 

147.0 

205.2 

75 

200.4 

264.8 

100 

244.1 

308.9 


0.2i\r Cu(NO,), 


Wt.* 

pt* 

0 

72.8 

25 

118.4 

50 

170.6 

75 

223.0 

100 

263.5 


- wt. % c in (B + C). 

AgNO, 

B — CsHJIt Aoetonitrile 
C « CtHJf, Pyridine (***) 


Solvent - 1 Vol. B + 2 Vol. C 


Wt. % A in 

PU 

solv. 


0 00 

172.1 

5.05 

146.2 

9.17 

120.3 

16.41 

78.7 

29.04 

33.3 

B — I^oidine 

C CfHrHt Aniline (***) 
Solvent - 1 Vol. B -f 1 Vol. C 

Wt. % A in 

# 

pt* 

solv. 

e 

0.00 

53.8 

4.063 

40.7 

10.67 

24.6 

17.74 

12.22 

29.40 

25.9 



B - CiHJf; C - C,HTNa— 
(Continued) 

Solvent « 1 Vol. B + 4 VoL C 


Wt. % A in 
solv. 

ptt 

0.00 

36.6 

3.72 

28.0 

7.31 

21.0 

18.29 

6.96 


CoCls 


B « CH4O, Methyl alcohol 
C - CtHsO,, Glycerol (*»•) 


Vol. % 

pit 

pn 

C in 



CB +0 



Pure 1 

solvents (B C) 

0.0 

176.9 

204.6 

25.0 

51.0 

65.0 

50.0 

10.8 

15-7 

75.0 

1.65 

2.82 

100.0 

0.158 

0.340 

(B + 

C) +O.IVC 0 CI, 

0.0 

157.1 

181.6 

25.0 

44.5 

57.6 

50.0 

9.26 

13.4 

75.0 

1.35 

2.40 

100.0 

0.133 

0.297 

B « CtHcO, Ethyl alcohol 

C - CAOi, Glycerol (*»») 

Pure solvents (B + C) 




25 

22.9 

31.4 


4.87 

7.56 

75 


1.68 




(B +c) +o.iv<^a» 


83.8 


25 


27.7 

50 


6.38 

75 


1.355 







B » CH»NO| Formamide 
C Ethyl alcohol (•>) 


wt. % 

Pit 

•fin 

pn 

Cin 




(B+C) 






• 

25 

29.661 


48.22 


wgm 

M.71I 

63.82 



A/l ■ 


25. 1 

26.761 

35.28 

WEEl 



46.34 

56.98 


. B * CH 4 O, Methyl alcohol 
C - C.H«0, Acetone (•*) 


Wt. % 

Pt 

Pit 

C in 

. 


(B +0 

4 


Pure solvents (B + C) 

0.0 

122.2 

176.7 

25.0 

153.9 

216.7 

50.0 

187.4 

257.0 

75.0 



100.0 

244.1 
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B * CHiOf C * CJHiO.”” 

{Coniin%L€d) 


Wt. % 

(B + C) + 

(B + C) 4 

C in 

.O.IA^ 

0.00016N 

(B +0 

Ca(NO,), 

Ca(NO,), 

1 


0.0 

161.8 

180.4 

25.0 

188. 0 

217.2 

60.0 

220.6 

254.7 

76.0 

265.6 

287.3 

100.0 

282.1 

307.3 


LiBr 

B «» CH 4 O, Methyl alcohol 
C — CiHflO, Acetone (*7) 


Wt. % 


•fiti 

Cin 



(B 4-C) 




OM A/1 


0 

122.20 

176.70 

25 

163.90 

216.70 

60 

187.40 

257.10 

76 

222.20 

: 290.10 

100 

244 . 10 

308.90 

0.000625M A/1 

0 ' 

119.82 

177.46 

25 


197.29 

60 

173.17 

236.18 

75 

1 

279 . 25 

100 

242.85 

299 . 42 


0.1 M A/1 


0 

1 111 18 

163.28 

26 


183. 3o 

60 


220 . 87 

75 


264.88 

100 

232.45 

286.96 

C ^ CiHgOj, Glycerol (i®®) 

Vol. % 


f 


C in 


(B + C) I I 

For pure solvents, p. A « CoCl, 
(B +C) +0.1Ar LiBr 


0.0 

164.0 

188.6 

26.0 

47.5 

60.7 

60.0 

9.88 

14.4 

76.0 

1.53 

2.63 

100.0 

0.147 

0.313 


B — CiH#0, £thyl alcohol 
C » CiHiO, Acetone (•^) 


Wt. %c 

IPO 


in 

(B 4-C) 

0 

OM A/1 
53.9 

90.4 

25 

96.1 

148.9 

50 

147.0 

205.2 

75 

200.4 

264.8 

100 

244.1 

308.9 

0.000625M A/1 

0 

46.48 

81.69 

26 


129.34 

60 


193.59 

76 


268.10 

100 

242 . 85 

299.42 



B - C.H,0; C - C.H.O.— 
(Continued) 


Wt. %C 

V^O 

ru 

in 

1 


(B 4- C) 

O.lM A/1 


0 

40.96 

73.18 

25 


121 69 

60 

136 0 

1 

180 05 

75 1 

1 

1 

1 

1 

235 - 99 

100 

232.45 ' 

286 . 96 


C = CiHsOj, Glycerol 

f>3S) 

Vol. % 





C in : 





(B +0 





For pure solvents 

, V. . 

A = 

= CoCl; 

(B + 

C) 4-- 

0.1 N LiBr 

10 

80,9 

101.4 

25 

21 .9 

30.3 

50 

4,52 , 


7.08 

76 

0.838 


1 .M9 

100 

0.147 


0.313 

LiN< 

B - CH,NO. 

33 

Formamide 

c = c, 

HaO, Ethyl alcohol 


(63 

) 



Wt. % 




C in 





(B + C) 



! 



OM A/1 



25 

29.65 

38 

,821 47.87 

4 

50 

40.45 

51 

.76 

63.49 

76 

56.98 

70 

.87 

85.32 


O.lM 

A/1 



25 

28 . 39: 

36 

.89 

46.10 

60 

38.12 

48 

.01 

69.74 

76 

52 . 77 ; 

65 

.70 

79 . 37 


0.25M 

A/1 



26 

26 . 32i 

34 

.73 

43.25 

60 

1 

34.96 

45 

.07 

55.28 

76 

47.10 

69 

.521 

71.58 


KI 



B =a CH 4 O, Methyl alcohol 

C = C.H.O,, Glycerol 

(135) 

Vol. % 





C in 





(B 4-C) 





For pure solvents, v. . 

A = 

= CoCI, 

(B 4- C) 4- 

O.IN KI 

0.0 

168.3 

1 

194.2 

26.0 

49. £ 

► 

03.0 

60.0 

10.7 

r 

16.6 

76.0 

1.59 


2.76 

100.0 

0.149 


0.319 

B CiHflO, Ethyl alcohol 

C * CiH«0«, Glycerol 

(135) 

For pure solvents, v. . 

A = CoCl, 

(B 4“ C) 4" 

OlATKI 

10 

85.0 

1 

104.2 

26 

22.1 

30.4 

50 

4.86 


7 64 

76 

0.909 


1.66 

100 

0.149 


0.319 


KQNS 

B -= CH 4 O, Methyl alcohol 
C * C.H.O, Ethyl alcohol (••) 


Wt,. 1 

1 

1 ¥’11 


OM A/I 


0 

110.7 

165 4 

26 

99 7 

147 3 

50 

79.4 

124 9 

75 

61.8 

106.5 

100 

47.4 

87.4 


O.lM A/I 


0 

104.2 

167.4 

25 

94 5 

140.6 

60 1 

74.6 

120.9 

75 

58.6 

101.1 

100 

44 7 

79.3 

C = CaH.O, Acetone (6®) 


OM A/I 


0 

110.7 

166.4 

25 

153.9 

196.6 

50 

193.1 

i 222.3 

75 

230.5 

'240.6 

100 

198.2 

251.5 


O.lM A/1 


0 1 

104.2 

157.4 

25 

134.6 

186.9 

60 

177.6 

202.7 

76 

211.6 

219.0 

100 

188.9 

242.4 


B ='C|H«0, Ethyl alcohol 
C = CsHflO, Acetone (®®) 
OM A/1 


0 

25 

50 


47.4 

86.5 
141.2 


87.4 

136.4 

187.6 


B - C>H«0; C - Cja^O.— 



(CorUintdsd 

} 

Wt. 

1 ¥»o 

1 ¥»» 


OM A/1 


75 

204.1 

227 6 

100 

198 2 

261.5 

0.000626M A/1 

0 


83 6 

25 


131.3 

60 

1 


186.0 

75 


224.5 

100 

1 

1 

J 

O.lM A/1 

249.4 

0 

44.7 

79.3 

25 

76.8 

128 1 

50 

126.0 

165.9 

75 

186.8 

214 4 

100 

188.9 ' 

242 4 

Rbl 


B “ CHjNO, Formamide 
C = CiH«0, Ethyl alcohol 


Wt. %• 

1 ¥>l» 

/ 

1 

1 


OM A/I 


26 

29.7 

38.9 

48.3 

50 

40.5 

61.7 

63.4 

75 

66.9 1 

70.7 

84.9 


O.lM A/1 


25 

28.8 

37.6 

46.6 

.50 

38 9 

49.2 

60.7 

75 

62.7 

67.4 

81.4 


0.26M A/1 


60 

35 8 

46.7 

56.5 

76 

i 50.1 

63.3 

76.4 


• wt. % - wt. % C in (B + c>. 


THE A-COMPONKNT HAS KEY-FORMTTLA BEGIRNIWG 

WITH 16 



C-Table, tiie C-ArraAgement {v, Vol. Ill, p, viii) 

Two-Component Systems 


CCI4 

- CHCI, (»•# 102 ) 


B - CiHtCL, 1,1, 2,2- 
Tetrachloroethane (*•} 


60 Wt. % A 




0 

116.8 

26 1 

153.8 

40 

1 

183.6 

65 

206.6 

(•») 

Wt. % A 

1 

<Pi» 

0.00 

186.2 

19.27 

176.7 

67.28 

161.7 

81.17 

131.4 

100.00 

113.2 

B = 

CjCL 

Tetrachloroethylene (••) 

0.0 

107.6 

20.3 

113.2 

33.6 

120.4 

50.3 

122.4 

67.0 

123.6 

80.1 

122.6 

100.0 

110.2 


Wt. % A 


0.0 

107.6 

20.0 

101.5 

33.33 

98.3 

60 

00.4 

66.67 

82.0 

1 

80 

72,8 

100 

61. 9 


B = C,HJ; for data at 25, 35, 
and 50®C, v. (t»7) 


B * CiHaO, Ethyl alcohol 


(4«)* 


Wt. %B 

®c 

p 

0.0 

75.6 

200.4 

4.68 

65.1 

193.1 

6.71 

64.6 

191.9 

9.66 

64.0 

192.3 

20.96 

63.8 

188.7 

30.2 

64.2 

188.7 

36.6 

64.8 

190.1 

* Paper also contains density data 
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CCI4. — (Continued) 

B = CsHeO. — {CorUintted) 


Wt. %B 

•c 

v> 

58.8 

67.7 

196.1 

73.0 

70.6 

204.1 

100.0 

77.1 

226.2 


B = CtH«0, Acetone (*2^1 *25) 
M % B 


0.00 

n.4o 

36.44 

51.18 

73.66 
86.63 

96.67 
100.00 


76.2 

87.8 

117.4 
136.2 
177.9 
210.1 

237.5 
260 0 


M % B 

9 


(148) 

0.0 

138 

173 

17.6 

137 

171 

39.1 

145 

183 

61.7 

154 

196 

63.8 

176 

216 

84.3 

204 

258 

100.0 

247 

293 


^40 

204 

205 
218 
235 
254 
301 
356 


M % B 

V^-II («) 

V-o («) 

0 

117 

140 

10 

112 

136 

20 

no 

134 

30 

109 

138 

60 

123 

166 

100 

222 

263 

See also (7 

*7) for data at 18, 30 


Wt. % B 
0.00 
6.79 
12.20 
27.4 
36.1 

63.6 

59.6 

68.7 

100.0 


and 40®C 
C (<«)• 

60.2 
62.0 
62.8 

63.0 

62.1 
60.0 

69.2 

68.2 

67.1 


266.6 

263.2 

272.6 

296.7 

312.6 
346.0 

366.9 

376.9 

387.6 

420.2 


66.4 

_^, ^PS_^^o_gogtalaa density 

B CtHiOt, Ethyl acetate 
for data at 16, 36, and 60®C. v 


B 


0 

26 

40 

66 

WC% B 
0.0 
10.9 
22.8 
46.1 
63.8 
73.4 

100.0 

• 


CcHt, Bensene (^^2) 
60 Wt. % B 
C I 

97.1 
144.2 
181.8 
212.8 


*C (4«) • 

76.4 

76.6 
76.8 

76.4 

76.7 
77.6 
79.3 


Ip 

201.2 

216.9 

234.7 
269.1 

266.7 
289.0 
316.6 


■1*0 aoat«h« densitj il*ta 


B CeH..- 

—{Continued) 

Wt. % B 

SPt* (®®) 

0.00 

113 2 

13.73 

123.8 

40.78 

141.6 

68.60 

161.6 

100.00 

166.9 


(141) 


Wt. %B 

<P0 


0.00 

74.1 

88.2 

22.37 

83.6 

100.0 

43.79 

91.9 

110.1 

67.71 

100.6 

120.2 

100.00 

110.8 

131.5 

Wt. % B 

V’to 

V’ao 

0.00 

118.9 

135.1 

22.37 

136.2 

156.0 

43.79 

149.0 

1 

171.6 

67.71 

163.4 

186.6 

100.00 

178.0 

203.1 


V’lo 

103.2 

117.6 
128.9 

141.4 
154.1 

^60 

153.0 

176.7 
194 9 

211.4 

228.8 


Wt. % B 


% 

^0 

0.00 

171.6 

191.0 

22.37 

198.8 

« 

43.79 

219.3 

243.3 

67.71 

237.0 

263.9 

100.00 

266.1 

284.9 


B — CtoHsr Naphthalene; for 
data from 15 to 31^C. v. (74.1). 


B 


CSj 

cHa (141) 


Wt. % A 


VlO 

0.00 

168.3 

186.6 

21.60 

193.1 

211.4 

38.81 

207.6 

226.7 

48.11 

.213.2 


63.81 

222.7 

242.1 

-82.39 

228.3 

248.1 

100.00 

232.8 

263.0 


0,00 

21.60 

38.81 
48.11 

68.81 
82.39 

100.00 


224.8 

260.6 

263.2 
267.4 
280 1 

288.2 
293.6 


IP to 

206.3 

230.9 

243.9 

248.1 
261.8 

268.1 
272.6 

IP 40 

244.7 

271.0 

282.5 

285.7 
299.4 

309.6 

314.0 


B « CiH*0, Ethyl alcohol (*7) 


Wt. % B 

<PU 

• 0.00 

273.6 

18.07 

203.0 

26.60 

182.9 

30.06 

176.3 

47.18 

160.2 

60.60 

131.2 

67.69 

118.9 

74.36 

110.3 

80.71 

104.9 

83.09 

105.8 

100.00 

89.8 


B = CiHfO, Acetone ( 4 *); v. 

also ( 1 * 7 ) 

I 

¥>9 

227.3 
247.6 
253,8 
254. S 
250.0 


M % B 

ip~ii 

^-10 

0 

194.6 

202.0 

40 

218.8 

226.2 

60 

222.2 

241.6 

80 

216.9 

228.3 

100 

206.6 

222.2 


M % B 

V’K 

sPii 


261.1 



277.8 

328.9 


286.7 



292.4 

' 348.4 


299.4 

359.7 


B — Ethyl acetate 

( 99 ) 


Wt. % B 

^ti 

0.00 

279.3 

16.40 

272.6 

39.26 

257.1 

66.41 

240.4 

100.00 

216.5 

B — C4H10O, Ethyl ether (®®) 

0.00 

279.3 

13.10 

295.9 

34.37 

326.8 

62.76 

371.7 

100.00 

434.8 

B C»Ha, Benzene (®®) 

0.00 

279.3 

8.87 

266.0 

34.86 

224.2 

76.89 

183.8 

100.00 

106.9 


B « C,Ha, 
0.00 
7.27 
39.99 
63.24 
100.00 


Toluene (9®) 

279.3 

270.3 

239 . 8 
213.2 

184.8 


CHBfs 

Methyl alcohol 

( 111 ) 

^ao 
162 
156 
143 


M A/1 
0.26 
0.6 
1.0 


CiHeO, Ethyl alcohol 
( 110 ) 


0.25 
0.6 
1.0 


79.84 

77.10 

75.87 


CaH&O, Acetone (** 7 ) 
0.26 286.6 

10 246.0 

5 - CiHsO, Propyl alcohol 

( 111 ) 

10 I 44.2 

B * C4H10O1 Ethyl ether 
• ( 111 ) 

10 I 290.7 


B C»HitO, Isoamyl alcohol 

( 111 ) 

M A/1 

10 I 24,59 
B = C«H»NOti Nitrobeniene 


Wt. %B 

(«) 

1 


0.00 

45.1 

99.1 

9.68 

44.4 

103.7 

25.86 

42.3 

106.2 

50.08 

40.3 

110.6 

66.83 

40.3 

113.5 

88.39 

41.0 

117.0 

100.00 

41 6 

117.3 


B = CgHi, Benzene (7**) 


M AA 

^10 

1.0 

136.4 


CHCI3 

B = CtH«0, Ethyl alcohol 


Wt. %B 
0.0 
5.78 
10.06 
10.91 
24.02 
36.28 

44.7 
66.1 

68.8 
83.6 

100.0 


(«) 

•’C 

60.2 

68.6 

68.4 
68.6 
69.8 
61.6 

63.5 

66.4 
69.8 

73.4 
77.1 


IP 

260.6 

260.0 

247.6 

246.3 

227.3 
224.2 

216.6 
213.7 

214.1 
218:8 

226.2 


M AA 

(<•* ”«) 

0.25 

102.3 

0.5 

102.6 

1.0 

106.4 


B C»H«0, Acetone (7*7) 


B 


CiHioO, Ethyl ether 

(147) 


Wt. % B 

^Po 

IPIO 


142.9 

169.8 

15.94 

147.5 

168.1 


177.9 



227.2 

267.7 


286.7 


100.00 

349.6 

387.2 

Wt. %B 

ipm 

<P*0 


177.1 

196.7 

16.94 

189.4 

211.9 


232.6 

261.8 

69.80 


322.6 

79.30 

366.9 

393.7 

100.00 

426.6 

471.7 


B — C*HiiClIf, Diethylam 
monium chloride (>*®) 
M BA 
0.0 
0.1 


0.4 


iPti 

171.8 

165.3 

149.7 


B C4 HisNsOs, I>iethylam 
monium nitrate (7*®» 7Si) 
0.4 I 142.4 





FLUIDITY— NON- AQUEOUS SOLUTIONS: A - CCl* TO CH, 


33 


B * 

(124, 

M % B 
0.00 

8.48 

23.54 

40.17 

64.69 

86.86 

100.00 

Bromobensene 
. 128) 

142.9 

133.0 

116.6 

98.5 

83.6 

72.6 

68 0 

B = C»H«, 

Benzene (8*) 

Wt. % B 


0.00 

186.2 

6.97 

183.2 

23.01 

179.6 

72.78 

172.1 

85 . 83 

170.4 

100.00 

166.9 

50 Wt. % B (>02) 

“C 


0 

127.2 

25 

176.2 

40 

210.5 

55 

241.8 

70 

275.9 

B = CeHis, Cyclohexane; for 

data at 20°C, v. (182-2). 

B - CbHuCIN, Triethyl- 

ammonium 

chloride (i®®) 

M B/1 


0.1 

163.4 

0.2 

159.2 

B = CtHsO, Acetophenone 

(126) 

M % B 

1 


0.00 

181.8 

9.92 

152.7 

33.70 

109.3 

50.10 

90.3 

71.25 

74.0 

88.75 

65.4 

100.00 

60.8 

B - CtH.oO. 

Phenetole (228) 

M % B 


0.00 

142.9 

9.09 

123.8 

32.38 

96.2 

48.18 

84.5 

80.09 

62.4 

100.00 

63.1 

B = CsHioBrN, Tetraethyl- 

ammonium bromide (181) 

Wt, % B 

« 0 

<fiu 

0.00 

' 173.6 

6.12 

101.8 

7.48 

92.4 

B — C*HioCIN, Tetraethyl- 

ammonium chloride (I80, isi) 

<Ptb = 159.7 for M B/1 = 0.1. 

B as CioH«, Naphthalene; for 

data from 6 to 20°C, v. (^^-i). 


B »■ CioHii,Tetrahydronaph' 
thalene; for data at 20°C, v. 


B * CioBiiO 

, Anethole; for 

data at 20°C, v. (*52.2). 

B = CioHt4ClN, Diisoamyl- 

ammonium chloride (*80, isi) 

v>is = 160.0 for M B/1 = 0.2. 

B = C„H,oO. 

Phenyl ether 

(1244 *25) 

M % B 


0.00 

185.9 

18.30 

120.5 

43.04 

71.9 

68.64 

45.0 

100.00 

27.3 

B = CieHjoNjO, Camphorqui- 

none a- (^-)phenylhydra- 

zone 

(137) 

M B/kg 

^4.7 

0.25 

157.9 (/3) 

0.25 

150.7 (a) 

CH2CI2 

Methylene chloride 

B — C3H4O1 

Acetone (2 26) 

M % B 

•Pti 

0.00 

184.2 

12.76 

186.9 

42.35 

198.4 

60.46 

210.5 

81.12 

226.2 

92.27 

239.2 

100.00 

250.0 


CH2O2 
Formic acid 

B == CHjNO, Formamide 

(103) 


M % B 

^36 

<Pi0 

0.00 

62.5 

83.3 

10.00 

51.4 

70.0 

20.05 

43.2 

59.3 

30.15 

39.1 

64.1 

40.00 

35.1 

48.4 

60.02 

32.7 

44.8 

60.01 

31.3 

43.3 

70.00 

30.4 

42.7 

80.01 

30.2 

42.6 

90.00 

• 

29.9 

42.2 

100.00 

29.8 

42.0 


B = CHsNOi, Ammonium 
formate 


M B/1 

<pii 

0.00 

1 

61.7 

0.05978 

59.6 

0.1422 

67.3 

0.2868 

53.8 

0 . 3207 

53.0 

0.3676 

52.0 

0.5221 

48.5 

0.8290 

42.6 

0.8847 

41.3 


60.9 
60.8 
60 0 

49.7 

50.4 

61.5 
63 1 

55.8 

58.8 
64.2 

70.9 


63 6 

63.2 

62.2 
62.2 
63.0 

63.9 

66.4 

68.4 

71.9 
77.8 
85.2 

(»*) 

46.8 
44 8 
43.5 

41.9 
39 6 


B -■ C1H4O1, Acetic acid (**) | B-CiH»Oi, Propionicacid 
Wt. % B 
0 
10 
20 
30 
40 
50 
60 
70. 

80 
90 
100 

Wt. % B 
0.0 

22.7 
50.0 

68.7 
100 0 


M % B 



0.0 

29 8 

42.0 

2 40 

26 1 

28.2 

8 99 

17.9 

22 3 

18.85 

14 4 


26.62 

13 9 

21 2 

40 13 

14 3 

22 1 

60 24 

15 4 

24.0 

60 21 

17 6 

28 2 

70.08 

22 5 

34.8 

80 51 

29 7 

44 8 

89.98 

46 5 

65.8 

100.00 

96 6 

118 6 


B = CjHaO> Propyl alcohol 


B - C7H5NO,, Aniline 
formate 


M 

•Pit 

0.08122 

58.7 

0.1587 

56.3 

0.3316 

51.5 

0 . 4070 

50.0 

1 

0.6276 

44 8 

1 0410 

36.5 


CHjNO 

Formamide 

B == CHjNOj, Ammonium 
formate (®3) 


M B/1 

•Pit 

•Pit 

•Pit 

0.0 

22.8 

30.0 

37.9 

0.1 

22 2 

29.4 

36.8 

0.25 

21.1 

28.2 

35 4 


B = CtH40j, Acetic acid 


M % B 

•Pit 

•P*o 

0.0 

29.8 

42.0 

9.62 

26.1 

38.6 

20.39 

24.1 

34.5 

29.74 

23.2 

34.4 

40.56 

23.0 

34.4 

49.82 

23.7 

35.8 

59.89 

25 9 

38.6 

69.42 

28.7 

42.3 ‘ 

78.95 

35.0 

49.3 

89.10 

60.0 

1 

68.4 

100.00 

78.1 1 

101.3 

B = CjHeO, Ethyl alcohol (*®3) 

M % B 

•Pit 

•P40 

0.00 

29.8 

42.0 

10.00 

32.7 

46.0 

18.92 

35.9 

50.3 

29.76 

39.8 

65.6 

39.29 

44.3 

61.6 

50.09 

49.7 

68.3 

59.29 

55.1 

75.8 

69.86 

64.0 

87.3 

80.09 

72.7 

98.4 

89.95 

81.4 

109.2 

100.00 

92.1 

121.8 

V. also ] 

p. 31, A = 

LiNO, 


Wt. % B 

•Pit 

0.00 

30.3 

11 23 

30.6 

20.07 

30.9 

29.94 

32.0 

39.96 

33.5 

49.99 

35.8 

59.99 

38.1 

69.99 

41.7 

79.97 

45.0 

90.03 

50.3 

94.55 

51 7 

100 00 

51.9 


B 


C4HiiOs, n-Butyric acid 

(103) 


M % B 

•Pit 

•Pto 

0.00 

29. S 

42.0 

4.90 

20.0 

30.7 

14.30 

13.6 

20.9 

20.10 

11.7 

18.0 

29.89 

10.9 

17.2 

40.04 

10.7 

17.2 

49.73 

11.9 

18.6 

59.69 

14.1 

22.4 

69.87 

19.1 

28.9 

79.56 

28.3 

39.0 

89.57 

42.9 

57.7 

100.00 

64.3 

81.6 


B = CiHioO^ Isobutyl alcohol 

(«) 


Wt. % B 

•ptt 

10.09 

28.7 

19.95 

27.1 

30.00 

26.6 

39.81 

25.9 

49.98 

26.2 

59.88 

27.1 

69.84 

28.4 

80.02 

30.2 

89.96 

31.8 

95.00 

31.9 

100.00 

29.7 


B ss C4 Hi*C 1N, TetramethvI- 


M B/1 

1 

•Pit 

•Pit 

•Pit 

0.0 

23.4 

31.3 

39.8 

0.1 

22.8 

30.2 

38.4 

0.25 

22.2 

29.2 

37.3 

0.5 

20.9 

28.0 

35.8 
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CHsNO. — (Continued) 

B = CiHtN, Pyridine (33) 

Wt*. % B tfin 

82.88 73.3 

88.90 86.2 

92 23 94.0 

B ~ CfrHitO, Ifloamyl alcohol 


Wt. % B 
0.00 
10.38 
30.14 
49.84 
69 92 
90.01 
97.18 
100.00 


( 26 ) 

13.24 

11.66 

9.40 

9.00 

10.08 

11.96 

11.79 

11.32 


^7».i 

79 7 
77 4 
75.7 
76 3 
84.9 
99.6 
103.5 
106.2 


Wt. % B ( 42 ) 

<pu 

10 01 

28.03 

19.94 

26 32 

29.98 

24.66 

39.95 

23.62 

50.01 

23.40 

60.00 

23.96 

69.98 

26.04 

79.95 

26.33 

84.92 

27.11 

89.86 

28.00 

95.01 

27.94 

100.00 

26 33 


CH4N,0 

Urea 

J =« CH4O, Methyl alcohol 

( 143 ) 

g A/kg B 

0.0 181.1 224.2 

8.693 176.6 219.4 

15.67 173.3 214.6 

29.86 167.6 207.6 

43.35 161.7 201.6 

61.10 156.4 194.0 

91.64 149.6 182.1 


B » CH»N| Methylamine 

(«) 

M A/1 ^ 

0.93 326.2 

1 76 263.2 

3.33 156.8 


B — CiHfO.' 
M % B 
95.352 
96.336 
97 . 083 
98.197 
98.917 
99 339 
99.630 
100.000 


{Conlinued) 

^40 

104.2 

107.2 
109 6 
113.1 
115 6 
117 1 
118.6 
119 3 


B = CfcHtN, Pj'ridine (33) 
Wt. % B 

99.09 106 5 


CH4N2S 

Thiourea 

B = CftHsN, Pyridine (33) 
87.43 49.5 

94.48 79 9 


CH4O 

Methyl alcohol 
B = CjHJ, Ethyl iodide 

( 145 ) 

Wt. % B I 


B = CsHsO, Propyl alcohol 
Wt. % B 

0.0 177.9 

11.1 164.5 

23.8 140.9 

65.2 93.1 

91.8 61.1 

93.75 56.4 

96 6 54.2 

100 0 52.2 


B = CaH#0|, Glycerol 
V, p. 30, A = NHiBr and 
A — CoClj. 


B = C4H4O4, Acetylenedi- 
carboxylic acid (®®) 

3 70 165.6 

7 20 148.1 


0.0 


*ett) 

167 4 


B =s CaHaOay Maleic acid (*37) 


B =s C4H6O4, Succinic acid (®0) 



31.3 

164.8 

Wt. % B 

■Pu 

73.2 

158.2 

0.00 

181.5 

100.0 

154.8 

3 62 

165 9 

For data at 20, 36, and 45°C, 

6.96 

10.08 

162.3 
135 6 


B = CjHeO, Ethyl alcohol 

( 55 ) 

Wt. % B I 


B = C4H10O1 Ethyl ether (®) 


0.00 
8.76 
16.23 
19.31 
58.98 
89.6 
95.63 
100 00 


177.9 

170.6 
165.3 
161 9 
126.8 

101.6 

95.6 

91.6 


0 00 
23.12 

35.07 
47.40 
60.23 

73.08 
86 33 

100.00 


181.6 
211.2 
232.7 
260.0 
296.0 
338 6 
391 7 


Wt. % B Vol. % 

(*•) B, 

25°C 

0.00 0.0 182 




0.00 0.0 
26.16 26.2 
49.60 49.7 

73.86 74.1 

100.00 100.0 


Wt. % B 
0.00 
26.16 
49.60 
73.85 
100.00 


0.0 182.4 209.9 

26.23 156.6 181.1 
49.78 135.6 167.4 
74.15 113.6 134.0 
00.0 91.0 109.1 

^41 ^ 4 » 


100.00 I 442.6 
° 260.1 at 50 Vol. % B(«). 


B => CaHeOat Citraconic acid 

(*37) 


B = C4H«04, Mesaconic acid 

(*57) 


B = CcHaNOtr Nitrobenaene 


^41 ^ 4 » 

238.0 269.6 
207.9 236.3 
182.4 210.1 241.2 
157.3 183.2 
130.6 165.0 181.5 


Vol. % B 

*PU 

0 

178.3 

26 

147.8 

60 

116.7 

75 

87.3 

100 

65.2 

B = Benzene 


B = C»H«. — (Continued) 
Wt. %B "C (<«)• ^ 

60.1 67.4 278.6 

63.3 67.2 277.0 

70.4 67.3 277.8 

78.5 57.6 276.2 

90.4 69.0 276.2 

91.9 59.6 278.6 

100.0 79.3 315.6 


* Paper also contain# density data. 


B = C7 HsO, Anisolc (*) 



Vol, B (*^) (^®) 


also p. 31, A a^KCRS 



171.6 

193.2 

231.0 

270.1 
288.9 
LiBr 


0 

25 

50 

76 

100 


178.4 

177.3 

176.0 

174.7 

173.7 


Wt. % Bhc ( 46 )* 


0.00 

18.14 

31.60 

41.60 


63.7 

69.9 

58.2 

67.6 


178.4 

177.2 
176.0 

174.7 

173.7 

306.7 

288.2 
282.6 
278.6 


Vol. % B 
50 

Wt. % B 
0.00 
15.11 
29.40 
42.91 
65.60 
67.62 
79.00 
89.73 
100.00 


141.8 («) 

180.6 

170.6 

160.6 

151.0 

141.4 

130.5 

123.6 

112.9 

99.0 


B — CftHioOi Phenetole (*) 


0.00 

180.6 

14.83 

167.9 

28.93 

156.1 

42.24 

143.8 

54.88 

132.1 

67.00 

122.6 

78.57 

111.9 

100.00 

87.6 


B = C»H«Os, Phenylpropiolic 

acid (®®^ 

6 21 I 163.5 

10.35 I 147.3 


B = Cinnamic acid 

( 60 ) 

C.26 167.8 

9.24 161.0 

11.06 143.7 


B « CsHioOi, ^-Phenylpro- 
pionic acid C*®) 

4.66 167.6 

9.32 151.8 


B = CioHsO, o-Naphthol; for 
data at 20®C, v. (*6»*3). 


B « CioBiff 1,2,3,4-Tetrahy- 


dronapbtbalene (®®) 

0.00 

178.3 

6.10 

170.7 

14.16 

160.6 

23.79 

148.9 

(60.6) 

110.4 


B - Ci«H»0,, Benril (*<») 
g BAg A ipu 

0.00 168.9 

10.94 166.0 

18.89 164.3 

31.12 161.8 

42.93 160.1 


FLUIDITY— NON- AQUEOUS SOLUTIONS: A - CH. TO C.H 
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B * CttHieOi. 
g B/kg A 
10.74 
20.10 
33.37 
64 77 


{ConHnued) 

219.7 
216 3 
211.6 
204.9 


B - C»H.O. 
Wt. % A 


B 


CHJi 

Methylamine 
C»H*N,04, 1. 2, 4-Dini 
troaniline (^®) 


M B/1 


0.161 

390.6 

0.240 

371.3 

0.366 

339.1 

0.612 

312.1 

0.666 

282.0 

B = C7H9NO3S, ffi-Methoxy- 

beneenesulfonamide (®*) 

1.27 

177.6 

1.35 

176.6 

2.01 

90.2 

3.76 

8.01 

B = 

11, Sucroee (^®) 

0.97 

' 29.65 

1.44 

2.24 


B 


CtHCl, 

Trichloroethylene 
® CiHCI*, Pentachloro- 
ethane (®*i ®®) 

Wt. % A 
0.0 


17.9 
30.4 

46.6 

63.6 

77.7 
100.0 


46.1 

69.6 

86.3 

105.3 

130.7 

150.8 
182.2 


C,HC1,0 

Chloral 

B * CtH«0, Ethyl alcohol (**) 
Wt. % A ^40 
0.0 126.6 
26.24 88.8 


36.16 

44.46 

61.63 
67.86 
68.10 
70.29 
72.37 
74.34 

76.47 

76.20 
79.66 

82.76 

88.20 

90.48 

92.76 

96.64 
100.0 
Wt. % A 

0.0 
26.24 
36.16 


71.1 

67.0 
46.46 

36.90 
24.67 

22.98 
21.69 

21.01 
21.26 

21.91 
26.40 
30.20 
44.29 
60.61 

66.98 
74.02 
99.11 

162.21 
106.60 
87.64 


138.9 

97.0 

78.7 

63.7 
61.2 

42.03 

29.7 

27.93 

26.64 

26.93 
26.40 

27.23 

31.24 

36.64 
60.28 

68.00 
64.86 

82.03 
107.07 

^eo 

179.9 
126.74 
106.71 


44.46 

61.63 
67.85 
68.10 
70.29 
72.37 
74.34 

75.47 

76.20 
79.66 

82.76 

88.20 

90.48 

92.76 

96.64 
100.0 
Wt. % A 

0.0 


-{Continued) 

71.68 
68.76 


26.24 

36.16 

44.46 

61.63 
67.85 
68.10 
70.29 
72.37 
74.34 

76.47 

76.20 
79.66 

82.76 

88.20 

90.48 

92.76 

96.64 

100.0 


48.2 

35.1 

33.3 
31.8 

31.2 

31.8 
32.6 

37.0 

41.8 

66.9 

66.4 

72.5 

89.3 

115.1 

<^70 

206.2 
151.7 
128.2 

107.6 

92.4 

79.2 

62.5 

67.4 

58.2 

58.6 

58.6 

59.5 

63.8 

69.0 

85.9 

96.1 
103.5 
120.9 
147.7 


88.42 

74.74 

62.7 

47.2 

44.9 

43.9 

43.2 
43.4 

46.1 

48.9 
64.6 

70.2 

79.9 

86.8 
104.1 
128.4 


209.6 

173.6 

144.9 

123.9 
108.5 

90.6 
86.0 
84.0 
84.3 

86.6 
86.6 

90.8 

97.9 

119.3 
126.0 

136.3 


179.6 



ip («2» *3) 

74.3 Wt. % A 

40 

21.02 

46 

26.96 

so wt. % A 

60 

31.24 

60 

43.20 

70 

68.65 

86 

84.32 

M A/1 

("0) 

0.25 

74.9 

0.6 

69.7 

1.0 

62.3 


M % 
0 
10 
20 
26 
30 
40 
46 
60 
62.6 
55 

67.6 

60 


B 


alcohol 

79.18 
61. 6C 
34.14 
26.171 
19.93 
13.63 
11.76 
11.12 
11.13 
11.24 
11.36 
11.66 


tert.-Amy\ 
(»») 

99.11 123.6 
61.24 76.3 


49.61 
41.44 
33.7 
26 . 791 
24.71 
23.66 

23.62 
23.86 
24.02 
24.61 


62.6 

64.7 

47.3 

39.4 

37.3 
37.9 
36.6 

36.8 

36.3 
38.1 


B - 

M % 
70 
80 
90 
100 
M % 
0 
10 
20 
25 
30 
40 
45 
60 
62 5 
55 

57.6 

60 

70 

80 

90 

100 


CiHitO. — {Continued) 


B 


B 


14.63 
19.27 
26.26 
27.05 

y»7o 

147.7 
112 2 

96.1 

91.1 

88.3 

77.9 

74.3 

63.1 

72.0 

71.9 
72.5 

75.0 
81.8 

96.0 
113.5 
126.3 


^40 

28.65 
36.42 
46.60 
50 63 


B ■■ — {Continued 


42.9 
62 4 
66 1 
71 4 

181 5 
142 6 
126 3 


111 4 

109.8 
108.1 

107.8 

107.8 
106.6 
107.6 
119.5 
136.4 

177.9 
174 5 


B 


Trichloroacetic acid 
= CtHiOi, Acetic acid (^o) 
M % A 
0.00 


89.2 


7.37 

65.3 

17.77 

44.9 

32.09 

29.74 

43.48 

23.00 

62.62 

19.32 

68.53 

17.06 

66.81 

14.59 

100.00 

(14.64) 

B = CAO 

, Acetone (^®) 

M % B 


0.00 

(14.6) 

28.25 

17.2 

40.29 

26.1 

49.62 

38.9 

61.74 

69.8 

74.67 

122.6 

86.84 

206.0 

96.16 

271.7 

100.00 

326.3 

B - C.H,0„ 

Ethyl acetate 

(TO) 

0.00 

(14.64) 

29.92 

21.23 

38.68 

28.84 

61.22 

46.96 

61.64 

69,0 

71.93 

99.9 

81.60 

136.8 

88.82 

170.2 

100.00 

236.0 


CAO 


0.00 

31.86 

42.06 

61.24 

69.10 


(70) 


(14.64) 

8.97 

10.72 

13.68 

18.05 


M % B 

•p^t, 

70 61 

26 78 

78-79 

31.12 

86.00 

41.64 

91 04 

47 35 

100 00 

59.49 

B = C4H10O, Ethyl ether fxc 

W't. % B 

Pit 

25.40 

34 06 

37 37 

70 13 

67.24 

164 2 

68.82 

225 5 

82.37 

306 6 

100.00 

417 9 


B 


C»HtoOs, Ethyl benroate 

(70j 


M % B 

•Ptk 

0.00 

(14.64) 

32 42 

11.94 

42.05 

14.15 

50.93 

17.10 

60.18 

21.69 

68.75 

26.94 

79.04 

34.13 

91.13 

43 03 

100.00 1 

50 46 


cjacu 

Pentachloroethane 


B * CAO, 

1 Acetone (**«) 

0.00 

44.3 

14.76 

61.8 

31.78 

65.8 

61.03 

89.3 

70.37 

148.9 

90.68 

239.8 

100.00 

320.6 

B *= CiHieO, Ethyl ether (***) 

M % B 


0.00 

26.8 

13.03 

34.0 

30.47 

48.7 

49.68 

77.4 

74.73 

158.7 

85.76 

224.2 

100.00 

347.2 


C»HiO 

(lie) 


M % B 


0.00 

44.3 

11.63 

42.7 

32.96 

42.4 

63.38 

44.3 

73.13 

49.3 

89.74 

55.6 

100.00 

60.8 


C.H 

0.00 

9.71 

22.14 

48.96 

67.98 

90.30 

100.00 


44.3 

47.6 

62.1 

62.2 

71.8 

82.9 
89.1 


A 
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CsHCU. — {Contini^ed) 

B = c„: 


M % B 
0.00 
26.42 
61.09 
76.11 
100.00 


loO, Phenyl ether 
( 126 ) 

44.3 
37.9 

33.7 

29.8 

27.3 


C 2 H 2 CI 4 

1, 1, 2, 2-Tetrachibroethane 
B => CsH«0, Acetone (* 26 ) 


M % B 

Vo 

0.00 

36.1 

16.92 

43.9 

58.07 

80.6? 

73.08 

116.2 

81.36 

143.9 

97.28 

229.4 

100.00 

250 


B « C 4 H 10 O, Ethyl ether (* 2 ®) 


0.00 

36.1 

21.15 

54.3 

47.99 

88 5 

69 81 

147.7 

82.68 

198.8? 

94.01 

296 7 

100.00 

347.2 


B = CeHiNOx, Nitrobenzene 

( 26 ) 


Wt. % B 


V7«.» 

0.00 

43.6 

129.0 

10.00 

39.4 

121.4 

30.05 

34.2 

117.1 

48.33 

33.3 

111.8 

69.26 

34.4 

113.5 

89 . 61 

36.0 


100.00 

37.1 

117.0 


B 


CsHiO, Acetophenone 
( 126 ) 

M % B 


0.00 
12.65 
32.15 
53.97 
73.29 
91.42 
100.00 
Wt. % B 
0.00 

10.19 
30.07 

50.00 

70.01 

90.00 
100.00 
Wt. % B 

0.00 

10.02 

31.20 
09.03 
89.74 

100.00 


119.3 

112.0 

97.8 
83.5 

72.4 

64.3 

60.8 
^10 (»•) 

48.5 

42.4 

36.0 
35.2 

37.6 

41.6 

44.0 

^•0 (2®) 

131.1 
126.7 

110.6 
123.6 
132.3 

136.2 


B = CsHioO, Phenetole (*2 3) 


M % B 

1 

Vo 

0.00 

36.1 

21.76 

39.2 

51.67 

41.5 

62.80 

44.0 

78.37 

47.6 

100.00 

53.1 


C 2 H 5 N 
Acetonitrile 


B « C^H^N, 

Pyridine (*23) 

Vol. % B 

V*6 

0.0 

278.6 

66.7 

172.1 


CsHfSfs 
Ethylene bromide 
B =* CiHftBrji 1, 2-Dibromo- 
propane; for data at 17, 40, 
and 85°C, t>. (*®7). 

B = CitHuOf, Diethyl di- 


154.3 
108.6? 
153.6? 
58.7? 
56.5 
40.96 
^32.0 

0284012 

Ethylene chloride 
Benxene (®*); 
aho C»«7) 


Wt. % 
B 

V«7*» 

Vlt*) 

0.00 

108.6 

133.3 

8.43 

76.6? 

94.5? 

21-.62 

96.0? 

119.87 

53.79 

28.02? 

42.14? 

76.58 

23.26 

36.32 

92.34 

14.24 

24.41 

100.00 

11.17 

18.17 


B 


M % B 

Vo 

Vlt<4 1 

Vk 

0 




30 


144.9 


50 

115.2 


219.8 

70 

119.8 

161.3 

229.9 

80 

119.5 

162.6 

233.6 

90 

118.7 

162.6 



117.7 

161.6 

239.2 


M % B 
0.00 
30.58 
64.19 
88.82 
inn nn 


( 126 ) 


rti 

129.7 

100.7 
77.9 
65.3 

n/\ o 



CtBtO 

Acetaldehyde 
B — CfHsOi Ethyl alcohol 

(» 7 ) 

Wt. % A 
0.0 
15.1 


25.2 

30.1 
34.4 

37.1 
40.8 

44.2 


P9 

56.5 
48.1 

41.6 
40.0 
38.3 
37.8 

38.55 

40.55 


Wt. % A 

Vo 

47.7 

40.7 

49.1 

40.8 

53.1 

45.9 

55.8 

49.3 

58.6 

55.6 

65.7 

81.2 

70.6 

103.2 

83.0 

194.6 

100.0 

365.0 

Wt. % A 

Vi« 

0.00 

80.6 

10.01 

72.7 

20.80 

67.2 

21.61 

67.0 

30.58 

! 64.8 

36.36 

64.6 

42.01 

68.1 

52.04 

82.3 

61.56 

120.3 

74.10 

193.1 

81.09 

248.8 

100 00 

411.5 


B = CiHiOf . — (Continue 


O2H4O, 

Acetio acid 

B *= C»H«Oy Acetone (70) 
M % B 
0.00 
9.63 


19.85 

30.32 

40.27 

50.14 

69.61 

69.75 

79.65 

90.04 

100.00 


vtt 

89.2 

96.5 

108.5 

124.6 

143.0 

164.0 
186.9 

216.7 

247.1 
286.0 
326.3 


M % B 

VO («) 

v..(®*) 

0 

42.02 

71.8 

30 

76.1 

106.8 

60 

122.1 

171.5 

100 

250.0 

285.7 


99.7 

145.8 

212.8 
367.1 


50 Wt. % B (162) 


®C 

V 

0 

104.1 

25 

150.1 

40 

187.6 

55 

219.7 

70 

250.8 


B 


dride (26) 


Wt. %B 

Vli 

Vto.i 

0.00 


177.5 

* 9.97 

75.9 


30.07 

84.4 

191.4 

49.97 

88.2 


69.95 

94.6 


89.95 

99.4 

215.6 

100.00 


216.6 


M % B 
33.34 


Isobutyric 
(^•) 

1^11 

59.0 


M % B 

vn 

50 

53.8 

66.67 

58.6 

100 

71.4 

B ■■ CiHiOf, 

, Ethyl acetate 

(70) 

M % B 

4 

Vs» 

0.00 

89.2 

12.58 

106.0 

19.89 

116.4 

30.12 

130.4 

40.04 

145.1 

50.15 

158.9 

60.10 

173.5 

69.63 

187.6 

79.30 

202.0 

89.51 

217.9 

100.00 

236.0 

B -» C 4 H 10 O, Ethyl ether (*4®) 

Wt. % B 

Vll 

0.00 

71.7 

11.55 

84.2 

15.15 

92.4 

30.96 

128.1 

40.37 

156.0 

50.64 

185.9 

72.91 


100.00 

417.9 


B = C»H»N, Pyridine (63) 
M % B vi,. 4 

0 74.1 

15 16.64 


17.5 
20 
50 

100 

M % B 
0 
15 

17.5 
20 
50 

100 
M % B 
0.0 

10.4 

22.05 
38.3 

40.1 

48.1 
67.9 
73.8 

100.0 
Wt. % B 
0.000 
0.541 
0.986 
3.23 
8.97 
13.22 

ir.08 

22.52 

29.00 

100.00 


16.3 

17.2 

35.3 

83.3 

166.7 
69.9 
69.0 
69.9 

100.0 

181.8 


V’M 

10.0 

35.1 

34.1 

34.4 

59.5 
125.0 


232.6 
120.5 

113.0 

111.1 
133.3 
243.9 

77.8 

22.6 

19.85 

33.1 

34.6 

45.7 
66.75 

77.6 
107.2 

(»»®) 

90.1 

86.2 
82.0 
62.1 

36.0 

28.7 

25.0 

26.0 
26.4 

112.5 



/ 


FLUIDITY— NON-AQUEOUS SOLUTIONS; A - C,H TO C,H. 



B * 

— (Conhniiad) 

B - 

(CorUinued) 

23 Wt. % B (101) 

M % B 

*pi§ 


^100 

“C 



(«) 


( 42 ) 

0 

7.79 

25 

4.64 

29 7 

117.7 

25 

20.55 

30 

4.43 

28.3 


40 

33.68 

40 

6.12 

31 1 


65 

48.26 

60 

11.49 

44.8 

142.9 

70 

66.60 

80 

21.7 

67.5 

166 7 

For additional data at 20, 40, 



66.7 

192 3 


and 80®C, p. 


B - C3., 

Wt. % B 
0.00 
16.74 
34.93 
48.29 
77.26 
81.42 
89.73 
97.25 
100.00 
g B/1 
0.00 
2.414 
6.48 
9.874 
27.38 
49.368 
136.9 
880 


Benxene (*•) 

86.2 
112.0 

136.2 

150.2 
167.5 
167.7 
169 3 

168.3 

167.3 

79.0 
79.3 

79.8 
81.2 

83.9 

86.1 
98.1 

151.8 


B = C^HrN, Aniline 


t. % B 



0.0 

74.6 


16.6 

13.7 

33.8 

24.7 

‘8.13 


37.9 

4.57 

17.70 

40.9 

4.67 

17.9 

44.5 

4.93 

19.1 

49.65 ; 

5.62 


62.3 

8.48 

26.2 

100.0 

27.62 

49.8 


44 Wt. % B (il0i 111) 


26 

40 

55 

70 

Wt. % B 
0.00 
0.704 
1.72 
4.22 
8.49 
13.86 
16.71 
22.17 
26.68 
28.33 
36.77 
100.00 


6.49 

12.78 

23.87 

38.39 

( 120 ) 

90.1 

84.8 

75.2. 

64.6 

32.6 

17.7 
13.0 

8.14 

6.18 

6.63 

4.59 

27.47 



^19 


M % B 

( 43 ) 

( 43 ) 

0 

99.01 

142.9 

20 

5.21 

34.13 


(43) 

232.6 

136.1 


B * C«Ht]Oa, Paraldehyde (*0*) 

gB/1 


0.00 

76.0 

3.42 

75.9 

17.09 

76.7 

47.73 

74.3 

85.34 

72.5 

238.63 

67.7 

426 . 73 

65.7 

707.8 

67.4 

883.7 

71.7 

984.8 

74.6 

990.6 

76.0 

gB/1 


0.00 

82.0 

5.49 

82.0 

9.38 

81.9 

27.44 

81.5 

46.90 

81.2 

85.34 1 

80.6 

137.20 

80.3 

234.61 

79.9 

426.73 

79.4 

711.4 

79.7 

938.1 

80.3 

972.9 

82.2 

983.3 

82.8 

989.3 

83.3 

994.8 

84.9 

B = C»H«0, Acetophenone (^®) 

M % B 


0.00 

89.21 

9.87 

77.34 

19.98 

70.42 

30.02 

65.62 

39.97 

62.58 

51.15 

69.95 

67.47 

58.72 

70.65 

67.41 

78.93 

57.02 

90.02 

57.45 

100.00 

59.49 

B = CfHioO], 

Ethyl benzoate 

(70) 

M % B 

^16 

0.00 

89.2 

8.68 

83.2 

20.44 

75.6 

31.74 

69.2 

41.78 

65.0 

62.50 

60.6 

61.18 

67.9 

69.55 

56.5 

78.71 

53.4 

89.59 

51.3 

100.00 

50.5 


CJHJ 

Ethyl iodide 

B * CiHiOi, Ethyl acetate 


( 

»») 

Wt. % B 


0.00 

173.3 

21.80 

246.1 

67.43 

216.5 

100.0 

185.6 

For data at 18, 35, and 50°C, 

P. (187). 


B = C,H,oO. 

Phenetole (’^4) 

M % B 


0.00 

137^9 

9.56 

129.0 

33.98 

105.4 

54.71 

86.1 

73.85 

71.2 

90.89 

69.7 

CjHJIO 

Acetamide 

B - 

Pyridine (•*) 

Wt. % B 


83.73 

72.4 

91.49 

91.9 

94 35 

99.5 

96.13 

101.3 

C 2 H 6 O 

Ethyl alcohol 

B s= CjHflS, Ethylmercaptan 

( 27 ) 

Wt. % B 


0.00 

89.6 

3.48 

95.4 

9.47 

102.8 

12.30 

107.6 

13.88 

114.2 

16.25 

119.3 

32.54 

153 2 

35.97 

163.4 

44.76 

171.8 

68.05 

244.9 

100.00 

478.2 

B = CjHeO, 

Allyl alcohol 

(1 

10 ) 

M B/1 


0.25 

81.9 

0.5 

81.2 

1.0 

80.9 

2.0 

80.0 

4.0 

77.4 

B ■* C^qO, Acetone (l®*); 

cf. (®«) 

gBA 

•Pio 

0.000 

79.8 

4.809 

80.3 

7.375 

81.1 

19.239 

83.8 

36 . 876 

88.7 

43 . 276 

89.6 

96.196 

103.7 

156.860 

119.2 

184.384 

126.4 


B ■■ C»H«0. — (Crmtinue/i) 

Wt. % B 



89 7 

22 . 46 

139 5 

27 77 

1 .53 6 

35 11 

172 3 

36.83 

177 3 

43.38 

193 7 


198 9 

51.57 

216 5 


260 7 


320 0 

50 Wt. % B (»®5) 


p 


129.9 

25 

189.0 


237.9 

V. also p. 30, A = Cu(NO|)] 

a7wlp.31, A= LiBr; A = KCNS. 

B = cja.o,, 

Methyl acetate 

(102) 

50 Wt. % B 


p 

0 

111.2 

25 

163.2 

40 

202.1 

55 

241.4 


B = C»H«0, n-Propyl alcohol 

(S5, 112) 

Wt. % B 


0.00 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 
90.0 

100.0 


•Pii 

91.7 

87.3 

83.5 

79.8 

75.8 

71.3 

67.8 
63.7 
59 9 

56.3 

52.5 


B = CsHsOi, Glycerol (52) 


Wt. 
% B 
0 
25 
50 
75 
100 


93.7 

23.9 

4.71 

0.972 

0.165 


115.2 
32.77 
7.40 
1.83 
0 368 


<pii 

137.7 

43.4 

11.46 

3.215 

0.740 


M B/1 
0.25 
0.5 
1.0 


(I 10) 

74.7 
67.0 
56 0 


V. also p. 30, A = CoClt 

B = C 4 H 8 OJ, Ethyl acetate 

( 102 ) 

50 Wt. % B 


0 

25 

40 

65 


104.3 
144 0 
385 3 
226.0 


38 


INTERNATIONAL CRITICAL TABLES 


B » C 4 H 10 O, 

Wt. % B 
0.00 
23.16 
47.43 
67.61 
64.48 
72.99 
78.37 
86.39 
100.00 
Vol. % B 
60 
76 


{CorUintied) 

Ethyl ether (*) 

I ipu 

89.9 

134.9 

209.0 

249.7 

278.6 

317.3 

346.2 

379.5 

442.6 

fpit (®) 

212.4 

319.7 


B = C«H6. — (Coniinited) 

. t. % B I 4^10 1 I ip 


*PU> 1P%% ^40 

101.0 110.0 120.8 
119.2 129.6 143.1 

146.8 160.6 176.4 
175.1 185.9 200.0 

177.9 189.9 203.3 


B * Pyridine 


M B/1 

P*o 

0.25 

83.0 

0.6 

84.1 

1.0 

87.2 

2.0 

89.9 


C1H10O4, Monoacetin 
( 110 ) 


0.25 

75.6 

0.6 

70.2 

1.0 

58:7 

2.0 

39.5 

4.0 

24.2 


CiHiiO, Isoamyl alcohol 

( 108 ) 


gB/1 
0.000 
3.170 
7.350 
8.832 
12.684 
29.44 
44.16 
63 41 
147.20 
220.80 
M B/1 
0.6 
1.0 
2.0 
4.0 


^19.4 

74.9 

73.8 
74.6 

74.6 

73.3 

71.6 

70.9 

69.7 
63 7 

68.4 
(”0) 

76.8 
74 4 
66 0 
54 6 


CcHiClO, Chlorophenol 
( 1 * 6 ) 

21.4 Wt. % B 

B 

*>- 68.87 

68.97 

> 68.78 


Wt. %B 
0 
26 
60 
75 
100 


Benxene 

(«•) 


Pi$ pn 

76.7 83.9 


90.9 

113.6 


^ 1Pt9 

83.9 91.7 

98 3 108 0 


113.6 123.6 131.8 
139.5 162 2 160.3 
142.1 154.1 165 0 


0 II 

25 1 

60 1 

76 1 

100 1 

Wt. % B 
0 

100 

Wt. % B 
0 
25 
50 
100 

Wt. % B 
0.00 
8.47 
17.00 

28.90 
45.60 

50.91 
67.58 
69.49 
76.53 
80.38 
88.03 
98 86 

100.00 
g B/1 
0.000 
2.708 
3.120 
4.242 
10.832 
15.588 
23.208 
54,160 
97.984 


CtHisOt, Paraldehyde 

(lOS) 


P40 

143.3 

228.8 

202.0 


1P90 

168.9 

255.8 

198.0 

250.0 

284.9 

ipih 

88.5 
98.7 

104.8 

113.2 

128.9 

137.3 
153.5 

154.7 

164.7 
170.0 

176.4 

176.5 

171.8 

77.2 

77.6 

77.6 
77.69 
78.4 

79.06 

79.3 
81 1 

86.3 


60 Wt. % B ('0») 


X 

p 

0 

70.71 

26 

121.9 

40 

161.3 

55 

201.5 


Hydroquinol 

( 110 ) 


M B/1 
0.26 
0.6 
1.0 


Pto 

73.2 

64.7 

51.9 


For o- and m- isomers at 

20^C, V. 

B * CiHioOi, Ethyl acet<^ 
acetate (»•) 

Wt. % B 1 


0.00 

8.05 

36.28 

46.71 

64.02 

100.00 


93.7 

97.7 
103.9 
102.1 

96.4 

66.3 


B * Cyclohexane; for 

data at 20”C. p , (i**.*). 


gB/1 

0.0 

6.64 

8.33 

22.66 

41.68 

112.8 

208.4 

994.8 


79.8 

79.9 

80.3 

81.3 

81.9 
86.1 
89.2 

84.9 


B * C»Hi«0„ Acetal 0>0) 

M B/1 pfQ 

0.26 86.4 

0-6 87.9 

10 95.4 

B C7H«0, Bensaldehyde 

(»^) 

Wt. % B pJ^ 

0.00 89.9 

11 65 91.6 

20.67 95.2 

23.60 96.2 

32.47 96.1 

53.96 86.4 

79.32 76.6 

90.63 73.4 

100.00 69.2 

B « CjHcOi, Salicylaldehyde; 
for data at 20°C, 0. 

B • CtH« 0, Anisole (®) 

Wt. % B I 


0.00 
16.21 
29 62 
43.00 

66.67 

67.68 
79.05 
89.98 

100.00 


¥>!• 

89.9 

96.7 

101.1 

106.6 

108.9 

110.6 

110.6 

108.2 

99.2 


B « CaHtoOtf 0"Diinetbo^« 
bensene; for data at 20"^, 

B " CtHi40«9 Eithyl ethyl- 
acetoacetate (*>) 


Wt. % B 

PU 

0.00 

92.7 

6.44 

94.0 

23.80 

96.3 

41.24 

94.6 

71.31 

83.1 

87.87 

72.2 

100.00 

69.6 


C«HrN| Quinoline 


0.00 

13.30 

23.60 

39.09 
60.23 
62.66 
68.08 
75.69 
85.67 

92.09 
100.00 


92.7 

91.6 
78.66 
71.4 
60.96 

63.28 

49.6 
41.30 
38.70 

34.29 
29.75 


B » CioHrBr, oc-Bromonaph- 
thalene (l*®) 

M B/1 pw 

0.26 78.6 

0.6 76.7 

1.0 71.6 


B * CioHifi If 2f 3f ^Tetrahy* 
dronaphthalene (®®) 

Wt. % B I pu 


0.0 

24.6 

48.3 
76.8 

92.3 
100.0 


pu 

92.0 

86.4 

78.4 

67.0 
67.3 
49.9 



V. aUo (*•*•*) 


B ^ Ci^UitOf Anethole and 
or-TetrahydroriJ-naphthol; for 
data at 20*C, v. (»»»•*). 


B • CrHsOi, Guaiaool; for 
data at 20*C. v. (>»*•*), 


B - CnHt 

Wt. % B 
0.00 

14.97 
28.89 
42.32 

64.97 
67.06 
78.60 
90.26 

100.00 



P9i 

89.9 

93.7 

96.6 

90.0 
100.3 
100.9 
100.0 

96.6 

88.1 


Cio&iiOtf Ethyl d 
acetoacetate (**) 


Wt. % B 

Pu 

0.00 

93.7 

16.66 

91.4 

20.74 

90.3 

28.66 

87.9 

91.78 

46.7 

100.00 

36.8 


I-XUIDITY— NON-AQUEOUS SOLUTIONS: A - C.He TO C,H. 


30 


B - C,«HioO|, Bensil 


g B/kg A 


0.00 

75 9 

6.82 

75 6 

11.36 

75.3 

20.39 

74.9 

g B/kg A 

^40 

0.00 

119.3 

12.06 

118 0 

25.74 

116.7 

38.24 

115.5 

47.17 

114 4 


B = CigH„0„ Stearic acid (» > O) 


M Bn 

<PlO 

0.25 

77.2 

0 5 

71.4 

1.0 

61.5 


B « CsxHjoOu, Carminic acid 

(154) 


0 03125 

77.4 

0.0625 

73.4 

0.125 

66.1 


B =Cj 4 H 47 NOii, Aconitine ('^®) 


0.02 

80.4 

0.04 

77.7 


C2H7N 
Dimethylamine 
B = CjHbClN, Dimethyl- 
amine hydrochloride (<®) 


M B/1 


0.2843 

189.3 

0.3585 

181.9 

0.7857 

136.9 

0.8535 

111.8 


C2H7N 


Ethylamine 

B = CxHbCIN, Ethylamine 


hydrochloride (^®) 


M AA 


0.09458 

162.2 

0.1898 

150.7 

0.3817 

131.3 

0.7518 

101.4 

1.489 

53 7 


Cyanuric acid 


B =» CbHbN, Pyridine (*3) 
Wt. % B 


B 


96.8 


<Pn 
06 



CjHftNS 
Ethyl thiocyanate 


M % B 


0 

208.3 

5 

176.4 

25 

59.5 

45 

4.42 1 

0.924 

50 

66 

2 06 

75 

22.8 

95 

92 9 

100 

118 3 



CJIcO 

Acetone 

B CjHaO, Isopropyl 
alcohol (* ®*) 


B * C 4 H 10 O, Ethyl ether (^3) 


M % B 


fPii 


0 

261.1 

307.7 

387.6 

30 

287 4 

341.3 

408.2 

70 

325.1 

380.2 

438.6 

100 

333 3 

400.0 

465 1 


B C»H3r, Bromobenzene 


M % B 

0 

,00 

6 

.25 

17 

.60 

28 

.15 

50 

.15 

73 

.54 

84 

32 

100 

.00 


B ^ CbH*C1, 

M % B 
0.00 
4.03 
15.26 
39.70 
50.88 
84 70 
100.00 


250 0 

225.2 
186.6 

158.2 
H5.9 

85.4 
78 3 
66.7 


Chlorobenzene 

f*26) 

250.0 

238.7 

208.8 

166.1 
143.5 
104.9 

96.7 


B = CftH*C10, o-Chlorophenol 

(ID 


Wt. % B 

<P9 

^10 


0.00 

253.0 

277 

.8 

309.2 

18.49 

171.8 

189 

.8 

210.5 

32.38 

127.1 

144 

.5 

163.7 

49.95 

71.5 , 

86 

.1 

100.8 

60.49 

46.8 

59 

.45 

72.7 

71.01 

27.86 

37.38; 

48.76 

83.22 

14.82 

22 

.37 

31.55 

91.73 

10.64 

17.24 

25.58 

100.00 

9.27 

15 

.65 

23.75 

Wt. % B 

SPso 

<f>40 

•Pm 

0.00 

339.0 

370 

.4 

403 

18.49 

238.7 

261 

.8 

284 

32.38 

175.7 

196 

.9 

215 

49.95 

112.0 

128 

.7 

145.6 

60.49 

83.4 

98 

.1 

112.0 

71.01 

59.4 

73 

1 

.1 

86.7 

83.22 

41.7 

53 

.0 

65.5 

91.73 

35.1 

46 

.2 

57.6 

100.00 

32.5 

43 

.1 

53.5 

Wt. % B 
59.37 

137. 

1 

2 

V’ro 

156.0 

68.23 

108. 

9 . 

1 

126.4 

76.99 

90.3 ; 

106.0 

84.64 

77. 

6 


92.0 

91.08 

70.3 


84.2 

100.00 

1 66 . 

1 


79 0 


B = CeHxNOj, 

Vol. % B 
0 
25 


Nitrobenzene 

317.5 

203.9 


B - CeHfcWO,. 
Vol. % B 
50 
75 
100 
g B/1 

937 7 
1037.7 


{Coriiinued) 

139 1 
92 1 
55 2 

v>«o ('®®) 
74 1 
66.1 


1080 

7 



61 

.0 


1150 

.8 



54 

.0 


1177 

.1 i 

1 



52 

4 


1183 

1 

1 

2 



51 

.8 


1192 

.2 : 



51 

2 


1197 

1 



50 

5 


1204 

-8 ' 



49 

.64 


B = ( 

-'cHb, 

Benzene 

(13) 


Wt. % B 

V’lO 


! ^ 

20 

•Pw 


0.0 

278. 

8 

309. f 

> 342 

3 

21.24 

251. 

2 

280 

i 311 

1 

49.34 

213. 

2 

240.9 

268 

.2 

72.14 

173. 

9 

1 203. e 

230 

1 

2 

100.00 

131. 

9 

• 154.7 

'i 178 

.7 

Vol. ^ 

B 1 


•pn ' 



0 




317.4 


25 




285.1 


50 




250.2 


75 




212.1 


100 




173.7 


g B/ 

1 


•Pm 

lOS) 


699 8 

1 

1 

1 


185 8 


789.; 

3 

1 


172.0 


840. J 

5 



162.1 


858.8 



159.1 


869.: 

7 

1 


157.4 


873. J 

5 



156.4 


880.0 1 

1 


155 6 


B = C 

UHbO 


Phenol 



Wt. % B 

• (Pi. 


•PtO.Oi 


0.00 

277 

.8 

309.6 


14.19 

205 

.8 

233.1 


26.72 

157 

.5 

178.6 


38.06 

115 

.2 

132.4 


49.43 

79 

.6 

94.8 


57.79 

59 

. 2 

> 

4 

72 5 

1 


65.22 

42 

.4 

\ 

54.0 


73.74 

27 

.25 

36 4 


78.94 

20 

.2 

t 

27.9 


85.39 

13 

.37 

20.1 


92.85 

8 

38 

13 7 


100 00 

4 

98 


9.06 


Wt. % B 

•Pti.i 


^4C 

! t 



0.00 

339. 

0 

370.4 

403 

2 

9.57 

277. 

8 

304.9 

334. 

4 

19.53 

226. 

8 

250.6 

277. 

8 

27.70 

191. 

9 

1 212.8 

237. 

0 

37.42 

149. 

3 

169.5 

188. 

7 

44.67 

123. 

8 

140.6 

159 

2 

53.79 

94. 

5 

110.6 

125. 

9 

60.24 

75.; 

8 

90.8 

105. 

3 

67.19 

60.: 

3 

73 4 

87. 

0 

74.25 

45.' 

9 

57 4 

70. 

2 

80.76 

36 

i 

44.8 

56. 

0 

87.98 

25. 


34.8 

44. 

5 

92 81 

20 .- 

i 

28 9 

38. 

2 

100 00 ! 

14. 

1 

21 

.1! 

30 

5 


B -> CtHaOi, o- and m-r>ih\ - 
droxylHjnzenc; for data a» 
20T', e. 


B 

M 7c B 
0 
40 
70 
100 


CJItN, Aniline* 

•fa 

4fK) 0 
170 1 
9t) 1 
48 2 


^11 

333 3 
115 9 
53 3 
29.6 

50 Wt. % B ( 102 ) 


“C 

•p 

0 

70 3 

25 

113 4 

40 

146 7 

55 

176.5 

70 

205 2 

B = CbHi 3 » Cyclohexane; for 

data at 20®C, v 

. (152-*). 

B = C 4 H 14 , 

Hexane (* ®5) 

g B/1 

<pk 

572.2 

295.2 

623.8 

289 0 

684.3 

280 4 

685.1 

276 5 

687.2 

276 0 


B = CjHeO,, 
hyde; for data 

(152.1). 


Salicvlalde- 
at 20“C, r 


B = CyHaOj, Guaiacol; for 
data at 20°C. v. 


B 


* CtHuOx^ Amyl acetate 
(31) 

Wt. 7o B 
81.60 
91.41 
100.00 


y'ii 

160.7 
145.4 

126.7 


B = CsHioOx, o-Dimethox>- 
benzene; for data at 20®C, r. 

(152.1), 


B = CioHsO, ^Naphthol; for 
data at 20®C, i^. (152.2^ 


B = CioHix, Tetrahydronaph- 

thalene; for data at 20®C, v. 

(152.2), 


B = CioHixO, ar-Tetrahydro- 
/3-naphthol; for data at 20°C. 

(»52.2). 


B 


CixHioO, Phenvl ether 

(126) 


M % B 

•Pii 

0.0 

320 5 

10 60 

227.8 

26 94 

140.1 

51.57 

74.7 

100.00 

• 

27.3 


CsHeOj 
Propionic acid 

B = CiHsN, P>Tidine; for data 
at 20, 40. and S0°C. /•. (157^ 


40 


INTERNATIONAL C^UITICAL TABLES 


B 


C 3 H 602 
Methyl acetate 
CiHtO}, Ethyl acetAte 

( 78 ) 


M % B 


0 

162.2 

25 

158.6 

50 

155.8 

66.58 

153 4 


C 3 H 7 NO 

Propionamide 
B = Pyridine (^ 3 ) 


76 25 

61.9 

86.34 

82.9 

92.08 

95 5 


C 3 H 7 NO 2 

Urethane 

B = Pyridine (33) 


85.04 

83.2 

90.91 

93.5 

C)]HgO 

n-Propyl alcohol 

B * C|H«0|| 

Glycerol (** 6 ) 

M B/1 


1.0 

29.6 

B - C4H,oO, 

Ethyl ether (*) 

Wt. % B 

^11 

0.0 

60.7 

11.03 

71.2 

22 99 

97.7 

34.92 

132 8 

47.16 

178.0 

59.89 

234.0 

72.97 

298.2 

86.22 

368.1 

100.0 

442.5 


CJIqO 

n-Propyl alcohol 
B » CcH*, Beniene (*•) 


Aniline 


M % B 

^tt 

1^4 

0 

36.3 

166.8 

20 

36.8 

160.5 

66 

26.4 

128.8 

100 

17.2 

90.4 


C 3 H 8 O 3 

GIj'cerol 

B = CftHitO, Isoamvl alcohol 

( 111 ) 

M A /I ^70 

1.0 14.47 

C4H5CI3O2 
Ethyl trichloroacctate 
H = C 4 HSO 2 , Ethyl acetate (^*) 


C 3 H 7 NO 

M % A 

^11 

Methylacetamidc 

22.82 

110.9 

B = COIiN, 

Pyridine ( 33 ^ 

50 

80.4 

Wt. % B 


63.47 

72.0 

83 56 

92.4 

100.00 

47.6 

88.80 

97 9 



93.41 

103.4 

C 4 H 6 NS 


Allyl thiocyanate 
B - Pvridine (92) 

M % B 
0 
50 
100 


148.6 

138.5 

117.1 


B = CfrHiiN, Piperidine (92) 


M %B 


•fiU) 


0 

148 6 

184.8 

234 . 2 

1 

10 

85 5 


1 

25 

24,08 



40 

2.68 



40.91 

2.64 


22.8 

45 

0 846 

4.21 

13.27 

48 

0 402 

2.88 

12.76 

50 

0 283 

1 

1 82 

10.71 

52 

0.384! 

2 37 

12.78 

55 

0.581 

3.22 

13.06 

60 

1.467j 



75 

9 57 



90 

38.8 

1 

134.1 

100 

73.4 

118 3 

135.5 


B ** C«H 7 N, Aniline (*9) 


0 0 

61.0 

4.93 

86.7 

10.01 

142.3 

29 78 

166.9 

66 90 

169.0 

100.0 

167.3 


M % B 

• 

^100 


0 

316 5 

380 

10 

221.2 

274.0 

20 

127.4 

158.7 

30 

54 3 

69.3 

40 

22 7 

35.8 

48 


27.6 

60 


26.6 

62 

12.71 

29.0 

60 

24.9 

43 6 

70 

46.7 

73.9 

80 

74.6 

110.0 

90 

109.6 

160.6 

100 

144.7 

203.3 


M % B 
25 

50 

75 

297 

315.5 

333 

^100 

325 

351 

367 

B — CtHiN, Methylaniline (•*) 

M % B 

^ 1 * 

Vvi 

0 

148.6 

184.8 

10 

85.3 

115.5 

26 

39.2 

47.06 



B = C;H 9 N. — (Continued) 


M % B 

iPii 

^0 

40 

9.82 

19.76 

48 

3.24 

10.29 

60 

2.85 

8.64 

52 

3 17 


55 

3.98 

12.00 

60 

6.22 

17.5 

75 

18.6 

40.3 

90 

31.9 

62 5 

100 

50.0 

67.8 


C4II6O3 
Acetic anhydride 
B = CsHisO], Paraldehyde (26) 


Wt. % B 

V>I0 

^76.5 

0.00 

94.5 

216.6 

10.00 

89.2 

212.3 

29.96 

82.1 

211.0 

50 00 

75.2 

206.7 

69.99 

69.3 

205.1 

90 02 ' 

66.4 

207.1 

100.00 

1 65.5 

209.2 


C 4 H 8 O 2 
Butyric acid 

h'— CfcH&N, Pyridine; for data 
at 18, 30 and 40°C, /•. ('* 7 ). 


C4II8O3 


^ Ethyl acetate 

B = CJI*N, 

Pyridine (*®*) 

50 Wt. % B 

**0 


0 

122.0 

25 

170.0 

40 < 

1 

194.0 

55 

219.2 

B = C,HJ(0 

t( Nitrobenzene 

(•9) 

Wt. % B 


0.00 

229.9 

22.90 

171 8 

56 10 

112.5 

75.53 

83.1 

100.00 

54.5 

60 Wt. % B (> 02 ) 



0 

84.02 

25 

122.6 

40 

153.8 

55 

179.3 

70 

202.9 


B - C«H«, Benzene (27) • 


(»») 

Wt. %B 
0.00 
24.05 
50.90 
61.70 
66.07 
64.16 
66.00 
72.96 
100.00 


238.6 

224.9 

209.1 

208.2 

207.0 
200.4 
200.4 

193.0 
171.8 


B = CcH«. — (Cnutiuucd) 


50 Wt. 7c B 

ll 02 , 




v* 

0 



149.3 

25 



2 IH) 6 

40 



25 1 . 2 

5.1 



2S9 . 5 

B = CcHtN, 

, Aniline (153) 

M * 

H 

1 

I 


0.0 


1 

170 0 

15 2 


1 

1 

1 22 2 

22 34 

1 

; 

104 0 

42.8 


1 

\ 

63.6 

.‘>0 77 

I 

r>3 9 

67 2 



31 S 

74 9 



25.8 

77 6 



23 5 

84.2 



19.0 

88.9 



14.2 

93.9 



12.5 

100.0 



10.03 

B = CtHs. 

Toluene (®®) 

Wt. % B 


•fin 

0.0 



216.5 

15.71 


214.6 

45.30 


207.9 

71.26 


196.5 

100.00 


185.5 

B = CjHhOs, Iso (?) amyl 

acetate (^*' 

) 

M % B 



20.6 

111.4 

50 


105.0 

100 



63.3 

B » CgHuO^, Diethyl succinate 


(T») 


M % B 



0 

151.7 

304 8 

26 

101.4 

221.5 

50 

67.8 

176.7 

62.5 

52.9 

157.4 

75 

45.8 

146.3 

90 

33.4 

130.1 

100 

29.9 

119.9 

B » CtHioOz* 

Ethyl benzoate 


(73) 


M % B 


•fiti 

0.00 

235.9 

10.08 

192.7 

20.03 


161.9 

30.11 


138.0 

40.02 

118.0 

49.56 

101.5 

60.27 


86.4 

68.69 



77.4 

79.12 



66.0 

87.84 



58.7 

100.00 



49.6 

M % B 

(^*) 

(«) 

0 

161.7 

302.9 

25 

111 

.2 

240.3 

40 

62.7 


75 

55.4 

168.7 

100 

38 7 

133 4 



FLUIDITY — NON-AQUEOUS SOLUTIONS: A - (\H. TO 


41 


CioHtiO, Isoamyl ether 
(^•) 


Wt. % B 

iTii 

16.83 

133.4 

43.50 

113.2 

74.95 

88.2 

100.00 

71.4 


= C14H1SO1, Benzyl 
ate (^*) 

M % B I 


0.0 
10 2 
20.10 
30.27 
41.37 

50.00 
59.99 
69.98 
76.53 
85.74 
92 16 

100.00 


235.9 

156.1 

109.7 

78.4 
55.9 

43.5 
32-8 
25.77 
21.23 
16 84 
14,28 
11.74 


C4H9NO, 

Methylurethane 
B = C.oHwO, Menthol (^32) 
Wt. % B I ^11. « I ^74.6 


0.00 
33 38 
56.80 
74.28 
84.39 
92.46 
100.00 
Wt. % B 
0.00 
33 38 
56.80 
74.28 
84.39 
92.46 
100 00 


43.9 

38.0 

32.8 

25.8 

25.9 

20.1 

15.9 

^a.s 

80.8 

81.0 

101.4 

74.6 

66.9 
54.5 
54.0 


^74.6 

72.9 
68.2 

55.9 
59.5 

53.4 

42.4 

40.5 

<P99 

118.1 

101.4 

116.9 

95.1 
88.7 

96.1 


CiSLioO 

Butyl alcohol 

* CioHis, 1, 2, 3, 4-Tetrahy 
dronaphthalene (*®) 

Wt. % B 

0.00 40.6 

28.34 47.6 

57.13 53.8 

71.30 56.0 

84.90 56.1 

100.00 49.9 


C*HioO 

Ethyl ether 

B » CsHe, Benzene (*®) 

Wt. % B v^»4 

0,00 434.8 

28.58 354 6 

56 92 276 2 

75.69 228 3 

100.00 166 9 

•pto ! 


Wt. % B 


( 50 ) 

V’lft I 




0 

404 

9 

425, 

5 

448 

4 

25 

320 

5 

333 

3 

347, 

2 

50 

253 

2 

262 

5 

1 273 

8 

75 

186 

.2 

207 

.5 

219 

2 

100 

142 

. 1 

154 

li 

165 

0 


Wt. % B 
0 
25 
50 
75 
100 


•Pzo 

471.7 

359.7 
289.0 
232.6 
177.9 

( 13 ) 




310.6 

245-1 

189.8 


Wt. % B 

•piO 

•Pio 

•PM 

0.00 

386.0 

426.5 

469.4 

35 15 

287.2 

319.8 

264.3 

353.2 

55.58 ' 

235.3 

295.5 

79.52 

176.7 

203 4 

230 6 

100.00 

131.9 

154.7 

178.7 


B - CeHeO,, o- and 7n-Dihy- 
droxybenzene; for data at 20°C, 

t'. 

B = CeHi402, Acetal 

125 ) 


M % B 


•P2i 

0.00 

347 

446 

9.97 

266 


21 62 
28.18 

158 

' 263 

1 

45.12 

46.04 

89.8 

149.5 

69.73 

70.90 

37 9 

73.6 

87.32 

19.2 


100 

10.0 

27.5 



for data at 20°C, v. (^32.1), 
B »= Tnliienft ^^50 

iWt. % B 
0 
25 
50 
75 
100 

Wt. % B 
0 

25 , 

50 
75 
100 


B =1 CtHsO, Benzyl alcohol (®) 
= 101.3 with 50 Vol. % B 


B = CtHsOs, Guaiacol; for 
data at 20‘'C, v. 


” C»HioO, 
M % B 
0 0 
9.96 
16.97 

25.18 

31.18 
39.52 
44 21 
48.94 
54.99 
64 84 
69.74 
74.77 
81.45 
90 25 
92.55 

100 00 


Phenetole 

447.8 
374 0 
327 1 
286 2 
258 . 7 

227 . 0 

207.9 

194.0 

175.0 
150 0 
139 8 
127 3 
115 3 
100 1 

97.4 
86 5 


B = CsHioOj, o-Dimethoxy- 
henzene; for data at 20°C, v. 



B = CjjHioO, Phenyl ether (^3) 

M % B I *P2i 


0 0 
9.8 
21.74 
29.12 
39.24 
48.98 
57 55 
67.03 
78.07 
86.82 
92 96 
100 00 


<P26 

447.8 

322.0 

219.7 

174.4 

131.4 

100.7 
79.5 

61.3 

46.4 

36.5 
31.7 
25.9 


C4HUN 

Diethylamine 

B = CjHtNS, Phenyl thio- 
cyanate (®®) 

M % B ipii •pit 

0 289.0 358.4 


0 2 

10 1 

25 

33.3 

40 

45 

48 

50 

52 

66 

60 

75 

90 

100 

M % B 
45 
48 
50 
52 
55 
60 
75 
90 
100 


151 3 
17.14 
2.562 
0.1898 
0 . 0385 
0.01129 
0.00270 
0.0246 
0.0676 
0.5067 
8.970 
38.0 
71.6 


•pit 

358.4 
178.6 
25.9 
4.574 
0.4404 
0 . 1049 
*9 0.0450 

0 0.0204 
0 . 09575 

1 0.202 

1.267 

13.4 

46.3 

83.4 

•PM 

0.710 

0.303 

0.189 

0.522 

0.765 

3.644 

22.54 

60.39 

102.25 


B - CiH 

Wi. % B 
0 00 
11.17 
21 62 
31 57 
42 31 
51 48 
60. 15 

67.47 

72.51 
76 . 93 
81 06 
85 17 
92 51 

100.00 
Wt. % B 
0.00 

11.17 
21.62 
31.57 
42 31 

51.48 
60.15 

67.47 

72.51 
76 93 
81.06 

85.17 

92.51 
100.00 
Wt. % B 

0.00 

11.17 
21.62 
31 57 
42.31 

51.48 
60.15 
67.47 

72.51 
76.93 
81.06 

85.17 

92.51 
100.00 


Pv ridinc 
»C10| o~( 'hioro 

<pi> 

76 ^ fK) 2 
60 ^ 72 4 

46 0 56 7 

33 5 42 5 

22.5 29.8 


plKJiol 


14 08 19 7 
8 35 13 0 


5.47I 

4 . 38' 
3. SO 
3.71 
3 99 
5.52 


9.29 
7.84 
7 22 
7 13 
7 54 
9.96 


9.27 15.65 


<PXi 

121.8 

100.6 

80.1 

63.0 

46.5 
33.8 

25.5 
21.2 
19.2 

18.5 
18.66 
19.84 
24.33 
32.47 

•Pm 

205. 

176. 

148. 

124. 

101 

84. 

73. 

67. 

65. 

65. 

66 

70. 

79. 

93 


• P*o 

140.1 

115.9 

93.2 

74.0 
56.4 

43.3 
33.56 
28.33 
26 46 

26.04 
26.46 
28.17 

34.01 
43.10 


3 
1 
8 
7 

4 
4 
0 
25 

4 
3 
9 
2 
6 

5 


•Put 

IfMi 3 
86 4 

68 o 

52 5 
38 2 
27 I 
18 94 
) 14 66 
1 12 82 

> 12 15 
I 12.26 
Ij 13 19 

> 16 75 

> 23 75 

•Pm 

173 0 
145 8 
120 5 

98.5 

77.5 
62.8 

5 51 7 
i 45.8 
5 43.8 

4 43 7 

5 44 8 
7 47.4 
L 54.0 
) 66.1 

^liO 

259.7 

223.2 

193.8 

166.7 

142.0 

125.3 

113.0 

105.8 
103.7 

104.0 
106 2 

110.4 

119.5 

131.6 


B ~ CftH»NO», o-Xitrophenol 


Wt. % B 
0.00 

11.32 
20.74 
27.58 
39 62 
52.25 

60.24 

68.32 
76 79 
86.96 

91.25 
100.00 


•PM 

121.8 

106.0 

92.5 

82.6 

66.7 

53.2 
46.5 

40.8 

36.3 

31.8 
30.0 

27.4 


•P40 

140.1 
122.7 
107 5 
97.1 

80.3 
66 2 

58.4 

52.3 
46.6 

41.5 

39.6 

36.3 



TABLES 


B *« C|H«0, Phenol (*7) 

Wt. % B 

IPlO 

0 00 

90.2 

17.26 

62.7 

26.01 

48.8 

35 14 

37 4 

45.48 

26 6 

51.89 

19.8 

58.46 

14 71 

66.99 

10.12 

76.81 

7.06 

82.86 

6.08 

91 89 

5.32 

100.00 

4.96 

Wt. % B ! 

\ Pm \ p 

0.00 106.3 121.8 140 


63.81 
70.49 
77.94 
85.17 
92.45 
100.00 
Wt. % B 
0.00 
8.30 
16.12 
24.36 
.58 
.94 
47.13 
64.96 
63.81 
70.49 
77 94 
85.17 


75.7 
62.6 

49.8 
41.5 

31.1 

22.9 
16.83 
13.37 

11.02 
9.96 
9.33 
9.06 

173.0 

152.4 

132.8 

113.8 
96.9 


49.0 

39.1 


205.3 

183.8 

162.9 
140.2 
122.7 
107.1 

92.8 

79.2 



21.1 

^1 10 
259.7 
233.6 

210.5 

186.9 

165.0 

149.5 

133.2 

118.9 

107.0 

101.2 
98.7 
98 8 

101.5 
106.3 


B - i 
M % B 
0 
50 
100 


tN, Aniline (**) 

71.4 87.0 

27.7 48.8 

11.6 29.1 


B = CftHioOi, Ethj'l aceto- 
acetate (**) 

Wt. % B 1 ipii 


0.00 
17.11 
32 09 
51.00 
71.07 
100.00 


<pu 

113.6 

107.6 

100.8 

91.74 

81.10 

66.31 


B = CrHcOs, Benzoic acid (*) 

Wt. % B I ^110 I ^111 


0 

40 

50 

56 

60 

62 

63 

66.66 

69 

72 

78 

82 

86 

92 

100 


272.8 

114.2 

95.1 

78.1 

74.7 

74.6 

69.6 
64 4 

66.4 

67.2 

67.4 

66.8 

66.5 


141.0 

116.9 

99.0 

95.5 
95.9 
90.4 

86.7 

86.0 

89.8 

87.6 
87.0 
85.2 
87.0 

94.9 



B » CrHyNO, Benzamide 
Wt. % B 

6.16 94.8 

12 46 75.1 


B =» C7H7NO, Fonnanilide 

(33) 

10.32 91.8 

10.14 74.9 


B - < 
Wt. %B 
0.00 
12.05 
24.55 
33.60 

45.83 
55.91 

66.83 
77.73 
85.72 
91.85 

100.00 
Wt. % B 
0.00 
12 05 
24.55 
33.60 

45.83 
55.91 



(”) 


59.9 

42.8 

31.7 
18.81 
10 . 6 $ 

5.48 

3.17 

2.65 

2.55 

2.52 

Pm 

121.8 

97.8 
74.1 

58.0 

39.1 
27.6 


Pm 

Pm 

90.2 

106.3 

71.6 

85.0 

52.6 

64.3 

40.2 

50.4 

25.6 

33.76 

15.8 

22.45 

9.36 

14.61 

6.20 

10.80 

5.52 

9.96 

5.44 

1 9.99 

5.69 

10.46 

Pm 

Pm 

40.1 

173.0 

12.9 

142.2 

87.1 

112.5 

69.6 

93.6 

48.9 

70.2 

36.4 

56.0 


HgO, 


(CorUinued) 


P*o 


100.00 
Wt. % B 
0.00 
12.05 
24.55 
33.60 

45.83 
55.91 

66.83 
77.73 
85.72 
91.85 

100.00 


20.26 28.0 
16.05 23.3 
15.23 22.6 
15.50 23.1 
16.33 24.4 

P90 

205.3 

170.4 
138.9 

117.4 
94.3 

79.8 

68.2 

63.05 

63.6 
65.45 

69.9 


PiO 

45.8 

40.6 

40.6 

41.7 
44.6 

^iio 

259.7 

221.7 

184.2 
162.6 
136.6 
119.9 

105.8 
102.0 

103.2 

106.2 
111.5 


Pn 


B = C7H8O, m-Cresol 
Wt. % B ^iQ ^2, 

0.00 75.6 90 2 100. 

14.09 55.8 68.2 81. 

27.45 37.8 47.5 56. 


0.00 

14.09 

27.45 

41.40 
46.92 
55.33 
61.80 
70.62 
75.90 
85.17 

91.41 
100.00 

Wt. % B 


90 2 100.6 
68.2 81.4 


37.8 47.5 56.5 

23.36 30.8 39.4 

18.05 24.9 32.4 

11.39 16.85 23.5 
7.79 12.44 17.91 
4.53 7.78 12.26 

3.23 6.01 10.12 

2.00 4.22 7.65 

1.56 3.50 6.75 

1.19 2.89 5.92 

Pm p40 Pm 


23.36 30.8 
18.05 24.9 


4.53 

3.23 

2.00 

1.56| 

1.19 

Pm 


7.65 

6.75 

5.92 

Pm 



0.00 121.8 140.1 173 0 
14.09 91.1 107.4 136.8 


27.45 

41.40 
46.92 

55.33 
61.80 
70.62 
75.90 
85.17 

91.41 
100.00 
Wt. % B 

0.00 

14.47 

28.75 

38.43 

50.72 

61.52 

70.94 

82.33 
90.88 

100.00 


68.4 

47.1 

39.8 


80.6 105.4 

57.7 78.9 


39.8 49.45 70.5 

29.85 38.4 57.0 

23.95 31.75 49.5 

17.95 25.03 41.2 

15.34 21.9 38.2 

12.68 19.0 35.1 

11.57 17.9 33.8 

10.56 16.9 33.4 


pm 

205.3 

166.9 

136.8 

111.0 

87.2 

71.1 

61.4 

55.0 

54.1 


38.2 

35.1 

33.8 

33.4 

^iio 

259.7 

218.8 
185.5 

154.8 
129.0 

109.9 

99.0 

93.1 

95.1 
97.8 


Pm 


- -- , 55 2 97 J 


B * CrHiO, p-Cresol (*^) 
Wt. % B ^ 

0.00 75.6 90,2 106. 

21.03 45.9 54.4 68. 

29.61 35.8 44.4 65. 

40.04 24.0 31.6 39. 

46.71 17.26 23.78 32. 

54.46 11.63 16.69 23 


90.2 106.3 
54.4 68.9 


44.4 

31.5 


65.3 

39.46 


B - C 
Wt. % B 
60.37 
67.82 

75.36 
83.28 
91.01 

100.00 
Wt. %B 
0.00 

21.03 
29.61 

40.04 I 
46,71 
54.46 

60.37 
67.82 
75.36 
83.28 
91.01 

100.00 
Wt. % B 


■ 

B = Ci^JTO,, Phthalimide 

(J3) 

Wt. % B <pti 

6.05 101.2 

11.03 84.6 

B « CtHuOa^ Ethyl cthylace 

toacetate (*•) 

0.00 

113.3 

12.70 

106.9 

40 62 

90.8 

63.99 

78.9 

85.33 

67.1 

100.00 

59.6 

1 B CioHi$0>i 

Ethyl diethyl- 

acetoacetate (*®) 

0.00 

113.6 

2.83 

111.5 

6.91 

108.4 

21.10 

98.5 

50.83 

74.2 

100.00 

35.8 


( 

5.40 
9.02 
12 76 


.4 
89.2 

79.9 


23.78 32.21 
16.69 23.72 


1, a-Diphenyl 
urea (»») 

5.69 95.7 

7.19 92.7 








FLIUDITV -NON-AQUEOUS SOLUTIONS: A - ( lO (’.H, 



B — CuHisNtS, 1, 2-DiphonyI- 


thiourca (*3) 


Wt. % B 

•fiu 

7.40 

86.3 

14 51 

70 6 


B * Ci^HfNOt, Phthalanil 

(“) 

3.55 I 104.1 


CfcHgO 

Ethyl propargN'l ether 
B ■= C7H14O1, Isoamyl acetate 


(60) 

Wt. % B 

^21 

0.00 

189.8 

84.92 

137.0 

91 55 

132 6 

100.00 

126.6 


Ethyl allyl ether 


B = CtHuO}, Isoamyl acetate 

(60) 


0.00 

289.7 

89.42 

143.3 

94.36 

135.1 


CfcHioOj 
n-Ptopyl acetate 
B « C^HisOs, Isoamyl 
formate (^*); cf. (55) 


M % B 

<pii 

^64 

0.0 

113.1 

271.2 

25.8 

123.3 

260.9 

70.1 

112.7 

249.1 

100.0 

105.9 

237.7 


CbHisO 
Isoamyl alcohol 

B * CtHftNOs, Nitrobenzene 

(26) 


Wt, %B 


•P90 

0.00 

11.32 

112.7 

9.98 

13.82 

122.6 

29.98 

19.00 

133.6 

50.02 

23.75 

143.5 

70 00 

29.90 

144.1 

90.00 

34.90 

134.1 

100.00 

33.02 

120.3 


B *■ C«H«, Benzene (to*) 

^18.4 

104.6 


gB/1 

549.5 

708.0 
761.9 

799.4 

857.0 

864.4 

864.6 

872.0 

880.0 


132.6 
139.1 
144.05 
146.8 

147.0 

148.7 

148.1 
148.1 


B » C»HitOi, Paraldehyde 



(26) 


Wt. % B 

^10 


0,00 

16 12 

105 3 

10.01 

: 21.09 

1 

121.8 

30.00 

32.19 

147 1 

50 00 

44.70 

174.8 

69.98 

.56 27 

199 0 

90 02 

64.48 

208 6 

100 00 

65 46 

209 2 


B = C6 Hu, Hexane (>«5) 


g B/l 

T 

0.0 

21.2 

540 4 

207.4 

670.0 

226.5 

647 1 

272.1 

653.4 

275.4 

662.8 

285.2 

666.0 

287.3 


B = CjoHitN, Diethylaniline 




(26) 


Wt. % B 



0 00 

11.32 

105.2 

9.97 

13.22 


29.48 

17.55 


30 00 

1 

127.6 

49.92 

22.13 

138.2 

69.56 ; 

26 17 

141.1 

89.96 

27.78 : 

138.0 

100.00 

26.05 

127 7 


C&H12O 


Ethyl n-propyl ether 


B — C7H14OS, 

Isoamyl acetate 

(60) 

Wt. % B 

<PU 

0.00 

294.7 

88.84 

144.9 

92.58 1 

138.6 


CgHiBraN 

2, 4, 6-Tribromoaniline 

B ~ C7H14O), Isoamyl acetate 

(139) 


M A/1 B 


0.71 

98.3 


CeH^CUfO, 


o-Chloronitrobenzene 
B = CiiHiiN, Diphenylamine 

(1*42) 


M % B 

^60 

0.0 

22.7 

21.5 

29.0 

43.0 

38.3 

61.5 

47.2 

81.0 

54.4 

100.0 

61.7 


C6H4CI3N 

2, 4, 6-Trichloroaniline 


B = C,H,.0 

1, Iso (7) amyl 

acetate (!*•) 

M A/1 B 


0.71 

101.5 


CJI.Br 

liroiMobenzene 
B “ CtHtCL (-'Idorobenzcne 


( 

’*); cf. (55 

) 

M % B 1 

V=’ll 


0 0 

70 7 : 

149 2 

32 6 

76 7 

164.6 

79.8 

92 3 

1 

189 . I 

100.0 

99 6 

202 6 


B = B<‘nzene cf* 

(157) 



0 Wt. % A 

0 

1 

109.6 

10 ; 

131.9 

20 ; 

153.4 

30 

177 3 

40 j 

198.7 

,50 

226 0 

60 

255 0 

70 

279.1 

80 

303.5 

22.57 Wt. % A 

0 1 

101.8 

8.6 

118 0 

19.9 

140.4 

30.3 

162.0 

40.6 

185.2 

50.2 

207.1 

60.4 

230.3 

70.5 

253.2 

50.24 Wt. % A 

0.1 

91.2 

10.2 

108,1 

20.3 

125.8 

30.4 

144 2 

40.1 

163.3 

51.4 

184.5 

60.7 

203.6 

70.2 

223.8 

74.76 Wt. % A 

0.1 

79.8 

9.8 

93.1 

11.0 

94.3 

19.4 

106.3 

30.3 

123.4 

40.1 

139.2 

49.9 

155.3 

60.1 

172.1 

70.5 

190.3 

100 Wt. % A 

0 

66.0 

10 

78.0 

20 

89.5 

30 

102.2 

40 

114.7 

50 

126.0 

60 

139.1 

70 

153.5 

80 

165.6 

B = CjHs, Toluene; for data at 

20, 35, and 50°C, v, 


CJI Br^N 

M » C/HmO:, iMO/iin s I Jirrt tiU 
(*39^; M A,1 -■ 0.71, yjji 

<Mi.l ft, I 2, 4-A; - 100.3 for 


CJI.Cl 

Oilorolx-nzen** 

B = CJI., 

[l< nzenc 


'p 

25.16 Wt. % A 

0 3 

108 0 

\ 

10 5 

! 128 1 

20 2 

' 147 9 

:i(J 2 

169 3 

39 - 8 

190,8 

50 2 

215 5 

60 4 

239 2 

70,5 

260 3 

79.9 

282 9 

,50.54 Wt. % A 

0 2 

103 3 

11 . 1 

123.2 

20,2 

140 0 

29,6 

158.4 

40,6 

181 2 

49.1 

; 200 2 

60.5 

223 2 

70.4 

245 1 

79.9 

264.4 

74,61 Wt. % A 

0.2 

98.4 

10 3 

116.3 

20.5 

133.2 

30.0 

150.2 

40.0 

168.8 

49.6 

187.2 

60.1 

207.8 * 

70 0 

227.2 

80.0 

244 I 

B = CftHeO 

J Phenol (1^) 

Wt, % B 


0.00 

130.2 

4.93 

121.2 

9.78 

112 6 

21.73 

89.1 

30.43 

72.8 

38.90 

59.8 

49.90 

45.1 

58.15 

36.4 

71.41 

24.6 

81.45 

18.01 

100.00 

9.f»6 

B = CtH#, Toluene; for data at 

20, 35 and 60“C, v. (*»7). 




o-Chlorophenol 
B = CftHrN, Aniline (1^) 

^90 

31.80 
24.69 
19.76 
16 86 


Wt. % A 

^10 


0.00 

15.87 

23.36 

15.54 

11.07 

17.30 

28.94 

7.60 

12.92 

40.16 

5.60 

10.42 
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CsHtClO. — {Continued) 

B = CbHtN. — (Continued) 

\Vt. % A v>ii. I ^10 I ifti 


B = CgHiiN, Dimethylaniline 


At. Vo A v>iii ^10 ifto 

46 61 4 9.47 15.65 

51 68 4 46 8.90 14.88 

56 87 4 23- 8.58 14.43 

60 61 4 18 8,50 14.39 

65 18 4.25 8 71 14 .58 

68 .50 4.45 9 12 14.92 

77 80 5 70 11 06 17.24 

89.65 8 94 15.87 23.20 

UX) 00 15.65 23.75 32.47 

At. % A V?40 ^60 I 

0 00 41.6 64 81 90,9 

15.54 33.95 55.87 81 8 

28 94 28 25 49 6:i 75 4 

40 16 25.06 45.55 71 1 

46.61 23.8 43.95 69 3 

51 68 23 1 43.01 68.4 


0 00 
15.54 
28 94 
40 16 

46.61 
51 68 
56 87 

60.61 
65.18 
68,50 
77.80 
89 65 

100 00 
\Vt. % A 
0 00 
15.54 
28.94 
40 16 
46 61 
51.68 
56 87 
60.61 
65 18 
68 50 
77.80 
89.65 
100 00 


23 1 43.01 68.4 

22 8 42 55 68 0 

22 7 42.55 68 0 

23.0 42.74 68.5 

23.6 43.1 69.2 

26 4 46.6 73.1 

33.2 54.8 81.8 

43.1 66.1 93.5 


^110 
141 0 
128.0 
118.8 
112 9 
1110 
no 0 

109.6 
109 6 

no 2 
in 0 

114 6 
122 0 
131 6 


224 2 
200 8 
185 5 
176 1 
173.3 
171 8 
170.9 

170 9 

171 2 

172 1 
174 8 
178 9 
183 2 


Wt. %A 


0 0 
29.7 
38.6 
50 05 
.58.2 
59 6 
84 1 
91 6 
100 0 


27 62 
15 41 
12 97 
10 59 
10.38 
10.52 
14.90 
18.59 
24 33 


49 75 
34 84 
32 89 
30 67 
29.85 
30 30 
34.72 
38 91 
49 63 


B — CtHuOs, Isoamyl ace- 
tate (»*•); for 80.2 Wt. % B, 
~ 83.2. 


Wt. % B ^ 
0 00 ^ 
9.86 ( 

16 19 ( 

19.13 i 

24 . 59 ( 

29.50 ( 

39.60 i 

47.51 1( 

59.35 1' 

72 . 29 2; 

85.33 3; 

100.00 4- 

Wt. % B , 
0.00 3: 

9.86 2 

16.19 2 

19 13 2 

24 . 59 2 

29.50 2 

39 60 3 

47 51 3 

59.35 4 

72.29 5 

85.33 6 

100.00 8 
Wt. % B 
0 00 
9.86 
16 19 
19 13 
24 59 
29 ,50 
39 60 
47 51 
59.35 
72 29 
85.33 
100 00 


9.27 

6.89 

6.36 
6.32 
6.49 
6.94 
8.40 

10.16 

14.79 

22.99 

33.11 

49.38 

32 47 
29.33 
28.21 
28.21 
28.53 
29 33 

32.36 
35.84 
42.55 
52 91 
67 89 
85.47 


¥>io 

15.65 
12.50 
11.88 
11 85 
12.05 
12.56 
14.88 
17.61 
23 . 26 
31.90 
42.74 
60.42 

43.10 
40.82 
40.41 
40 49 
41.67 
43.39 
47.96 
52.23 
60 24 
70 92 
80.45 

97.66 


23.75 
21.10 
20.08 
20.00 
20.45 

21.32 
24 15 
27.03 
32-79 
41.15 
53.79 
72.20 

V’eo 

66 09 
63.37 
62.77 
62.93 
63.98 
65.62 

70.32 
74.74 
82.64 

92.76 
106 4 
125 3 


93.5 

91.3 

91.2 
91 7 
93 3 

95.2 
100 5 
105 4 
113 9 
124 4 
136.8 
152 0 


B = CtHrN, Quinoline (>7) 
t. % B 

0 00 9.268 15 65 23.75 

13.34 2.542 5.501 10.05 

0.746 2 077 4.576 
0.408 1.241 3.163 
0 332 1.083 2 730 
0.331 1.080 2 685 



0 00 
13.34 
27.82 
36.58 
42.08 
45.06 
46.72 
49.69 
51 19 
57.16 
67.47 
83 21 
100.00 
Wt. % B 
0 00 
13.34 
27.82 
36 58 
42.08 
45 06 
46.72 
49.69 


1 109 2.710 
1.214 2 849 
: 1.299 2 990 
; 1.988 4 233 
4.503 7.690 
10 526 15.11 
20.83 27.47 


•fi40 




43.10 66 09 
09 41.24 
13.09 27.06 
10 00 22.10 
9.18 20.49 
9 11 20 28 
9.13 20 24 
9.32 20 41 


B = 

Wt. % B v’lo 
51 19 5.58 

57.16 6.94 

67.47 10.98 
83.21 20.53 
100.00 34.01 
Wt. % B ^80 
0.00 93 5 

13.34 62 5 

27.82 45.35 

36 58 39.06 

42 08 37.04 

45.06 36.04 

46.72 35 91 

49.69 36.04 

51.19 3623 

57.61 38 54 

67.47 45.01 

83 21 59.77 

100 00 80 00 


(CorUinued) 


C^HtN. — {Continued) 


fpiO 




9.55 20.66 
11.16 22.73 
15.75 27.82 
26.95 42.02 
41.93 59.84 


<PliO 

131.6 
99 3 

79.0 

70.9 

68.1 

66.9 
66.6 
66 4 

66.4 

68.4 
75.0 
88.6 

107.5 


< PH 0 

183.2 

153.8 

131.8 

121.6 

117.6 

116.3 

115.6 
115 2 

115.1 

116.7 

122.7 

134.2 

150.2 


B = CisHiiN, Diphenyl- 
mcthylamine (i^) 

W^t, % B ipo ^10 

0.00 9.27 15.65 23.1 


0.00 9.27 
10 38 9.07 
20.66 8.83 
31.24 8.55 
42.42 8.22 
49.48 8.00 
61.65 7.51 


15 65 23.75 
14.97 22.73 
14.31 21.79 
13.70 20 88 
13.04 19 92 
12.58 19.23 
11.83 18.08 
11.01 16.81 


74.10 6.85 11.01 16.81 

86 17 6.18 10.15 15.46 


100.00 5.45 

Wt. % B 

0 00 32.4 


9.13 13.79 


fp40 


<PiO 


000 32.47 43.10 66.09 

10 38 32 11 41.84 63.49 

20.66 29 76 40.16 61.05 

31.24 28 49 38.46 58 47 

42.42 27 14 36.36 55.71 

49.48 26.29 35.09 54.05 

61.65 24.81 32.89 50.89 

74.10 23.23 30 77 47 39 

86.17 21.58 28.57 43.96 

100.00 19.49 26 04 40.32 

Wt. % B 

0 00 93 5 

10.38 89.3 

20.66 84.7 


Wt. % A 
69.9 
80.65 
91.0 
100.0 


7.56 

8.03 

8.44 

8.66 


1^ 

22.27 

23.04 

24.18 

25.13 


B 

tate 


= C 7 H 14 O 1 , Isoamyl ace- 
for 80.2 Wt. % B, 

= 80.4. 


CeHjClO 
p- Chlorophenol 
= C*H 7 N, AniUne (K®) 


Wt. % B 


^0 

0.0 

27.62 

49.7 

9.7 

22.12 

45.2 

29.8 

14.18 

32.6 

49.8 

8.93 

23.9 

58.2 

7.63 

22.2 

62.8 

7.09 

20.8 

70.1 

6 37 

19.5 

77.8 

5.85 

18.6 

84.6 

5.81 

18.6 

92.2 

5.95 

19.5 

100.0 


20.0 


B *= C 7 Ht 40 «, Isoamyl ace- 
tate (* 36 ); for 80.2 wt. %B, 
^ 1 * “ 78.7. 

CeHftCltN 

Dichloroaniline 
B = C 7 H 14 O 1 , Isoamyl ace- 
tate (* 3®); for M A/1 » 0.71,ip» 
= 102.2 for 2, 4-A; ==> 89.3 for 
2, 6-A. 

CeHJ 

Fluorobensene 
B « CeH,, Benzene (*®<) 

"C I ^ 

25.78 Wt. % A 


0 2 
10.6 
21 1 
30 4 
40 3 
49.9 
59.8 

70.5 

79.5 


116.2 

139.4 

158.9 

182.5 

202.9 
228.0 
255 0 
280.7 

302.6 



49.76 Wt. % A 


0 3 
9 7 

19.8 
30.5 
40 2 

50.1 

60.1 

69.8 
80.2 


121.6 

142.3 

161.9 
186.2 
206.2 
230.6 

257.0 

279.9 

305.0 


75.04 Wt. % A 
0.2 127.4 

10.4 150.2 

19.8 166.5 

30.1 189.4 

40.0 208.7 



FLUIDITY— NON-AQUEOUS SOLUTIONS: A » CJI» 



B « CiHt.- 

-{Co/nUnued) 

"C I 

p 

76.04 Wt. % A 

50 0 

232.2 

60.3 

257.9 

70.7 

282 6 

70 8 

304.8 

C,HJ 

lodobenzene 

B => C34| Benaene (*®^) 

49.95 Wt. % A 

0.3 

83.2 

7.7 

04.8 

21.2 

117 2 

30 0 

134 0 

40 4 

154 5 

40.7 

169.8 

50.0 

186.6 

60.7 

207.8 

74.81 Wt. % A 

0 1 

61 3 

8 6 

75 9 

22 1 

93 0 

30 5 

105 2 

40.3 

110.2 

50.1 

134.1 

61 0 

155 0 

69 4 

163 3 


Diiodoaniline 

B - CtHuO 

•a. Isoamyl ace- 

tate (*»•); for M A/1 - 0.71, 

i»«i ■■ 89.3. 


C<^»NOt 

Nitrobensene 

B ■■ CbHb, Bensene (^®*) 

K A/1 

1PM 

0 

151 8 

952 

67 5 

1088 

66 7 

1155 

53 0 

1183 

51 3 

1193 

50 4 

1190 

60.2 

1201 

50 0 

1205 

40 9 

•c 

r 

50 Wt. ' 

% B (101) 

0 

76.9 

25 

114 3 

40 

142 8 

55 

166 3 

70 

102 0 

Wt. %A 

rti (*•) 

0 00 

166 9 

19.95 

146 8 

62.39 

08 3 

85.61 

69 6 

100 00 

54 5 

B * CbRbO, Phenol (*^) 

Wt. % A 

ipm 

0 00 

0 06 

15 32 

13 18 


B ^ CbHsO* 

— (ConHnxi^) 

Wt. % A 

1P10 

29.97 

18.5 

41.36 

23 9 

50.27 

28.3 

62.04 

35.15 

72.50 

40.6 

81.88 

45.3 

01.16 

49.0 

05.84 

50.6 

100.00 

51.8 


B * CeHrN, Aniline (^T) 


M % A 


lPt4>l 

0 

9 79 

39.8 

10 

13.53 


25 

18.76 

42.5 

35 

21.50 


45 

24.80 

46.5 

50 

25.80 


55 

26.05 

47.6 

65 

28.44 


75 

29 47 

49 3 

90 

1 

30 95 

49.3 

100 

31.11 

48.9 

M % A ' 

1 

IP** 

ip»**« 

0 

56 2 

72 2 

25 

61 8 

1 

79.6 

45 

64 1 

80 1 

55 

64 8 

1 

80.1 

75 

64 1 

79 5 

00 

64 0 i 

78.0 

100 

64 2 

77 4 


B — CiHitOt, Paraldehyde 

( 10 ») 


gB/l 

0 0 

5.33 

8.24 

10 89 

21 32 

41 19 
54.47 

106 d 

205.9 1 

272 4 ; 

IPm 

49.6 

49.6 

49.7 

49 5 

49 5 

49 4 

49 2 

48 8 

48 8 

49 0 

B - C*H,4, 

Hexane ( 2 B) 

“C 1 

p 

0.0 Wt. % A 

16 35 

310 

18 55 1 

313 

20 00 

314 

21 40 

319 

23 22 

323 

24.2 Wt. % A 

16 90 

237 

18 45 

241 

20 02 

245 

21 42 

250 

23 15 

253 

36.5 Wt. % A 

17 42 

182 

17 50 

195 

17 70 

195 

18 55 

196 

20 50 

203 


B * 

— (Continued) 


1 ^ 

36.5 Wt. % A 

22.85 

210 

25.10 

216 

44.6 Wt. % A 

18.87 

165 

19.08 

173 

20.62 

187 

22.02 

185 

23.42 

189 

25.00 

194 

60.7 Wt. % A 

19 40 

133 

20.50 

143 

21 60 

154 

23.70 

161 

25 20 

165 

54.2 Wt. % A 

19.92 

126 

20 12 

131 

21.70 

145 

23 25 

150 

25 40 

155 

64.4 Wt. % A 

18 30 

116 

18.75 

120 

20 95 

125 

22 90 

129 

24 92 

134 

70.8 Wt. % A 

14.8 

100 

15.8 

104 

18.5 

109 

19.9 

111 

21.6 

114 

23 3 

116 

25.1 

120 

79.6 Wt. % A 

15 09 

84.7 

16 67 

87.0 

18.44 

89.3 

20 51 

91.7 

22.73 

95 2 

24 30 

97.1 

100 Wt. % A 

13.5 

44.1 

18 0 

48.3 

23.0 

62.9 

28.0 

67.8 


61.3 


64 5 


B — CrHfN, o-Tohiidine (^•) 


M %B 

iPii 

0 00 

40 9 

33.34 

37 9 

50 

32.8 

66.67 

27.6 

100.00 

16.7 


B *■ CaHiiN, Dimethylaniline 

(^•) 


M % B 






0.00 

25 

32.13 


60.0 


148 3 
163 5 



B CsHiiN. — (Conlinited) 


M % B 

pii 

Pn.i 

50 

53.4 

179.7 

67 


191.1 

68.72 

56.1 


100.00 

61.3 

204.0 


B = CsHiiN, Ethylaniline (^*) 


Wt, % B 

pii 

^77.6 

26.2 


160 6 

50 

41.8 

167.5 

80 


175.1 

100 

33.6 

170.7 


B — CioHs, Naphthalene (®^» 

85 ) 


M % B 

P90 

0 

125 8 

20 

123 8 

30 

122.6 

50 

119.6 

70 

117.2 

80 

115.7 

90 

114.2 

100 

112.9 

B — CioHifiN, 

Diethylaniline 

(78) 

Wt. %B 

Pit 

33.19 

40.1 

50 

39.3 

66.66 

36.7 

100 00 

30.7 


Wt. % B 
0.00 
11.33 
36.12 

51.11 
68.61 
86.73 

100.00 
Wt, % B 
0.00 
11.33 

36.12 
51.11 
68.61 
86.73 

100.00 




05.2 

90.9 

74.0 

53.8 

47.5 

26.8 

15.0 

137.4 

148.8 

116.7 

102.0 

100.0 

85.6 

54.0 


• 

127.7 

133.5 

101.8 

87.0 

83.7 

64.8 

40.5 

172.1 

187.3 
150.8 
136.6 

143.3 
137.0 

06.1 


CisHibOs, Diethyl diacetyl 
tartrate (^* 2 ) 

Wt. % B I ^ 
67 . 30*^0 

113.3 


0.00 
24 80 
52.45 
70.01 
82.05 
02.74 
100.00 

0.00 
24.86 
52 . 45 
70.01 
82 05 


82.2‘»C 


75 3 

49 7 
35 9 
20 3 
14 0 
11 17 

137.4 

100.5 
70 6 

50 5 
32.4 
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C eH&NOs. — (C ontimied) 

B = CiiHisOft. — {CorUinxied) 
Wt. % B I y, 

82 . 2 ‘^C 


92.74 

100.00 


24.6 

18.17 


OO.O^’C 


0.00 

172.1 

24.80 

129.1 

62.45 

96.3 

70.91 

76.4 

82.95 

51 0 

92.74 

40.4 

100.00 

32 0 


B 


CeH^NO, 

o-Nitrophenol 

C^HtN, Aniline (» 7,1.54) 


Wt. % A 

¥*•0 

¥*40 

0.00 

31.8 

41.6 

10.88 

33.6 

43.1 

22.36 

34.9 

44.3 

32.77 

35.6 

46.0 

42.00 

35.7 

45 1 

51 28 

35.4 

44.8 

60.52 

34.7 

44.0 

68.32 

33.9 

43.0 

77.11 

32 6 

41.4 

85.04 

31.0 

39.8 

91 49 

29.5 

38.3 

100 00 

27 4 

36 3 

Wt. %A 

^«o 

¥*» 

0.00 

64 8 

90.9 

10.88 

66.1 

91.4 

22.36 

67 3 

92 1 

32 . 77 

67.7 

92.5 

42.00 

67.7 

91 9 

51.28 

66.9 

90.9 

60 52 

65.6 

88.7 

68.32 

63 9 

86 6 

77.11 

61.6 

83.4 

85.04 

69.2 

80.1 

91.49 

57.4 

77.6 

100.00 

52.8 

74 2 


p-Toluidine (*^®) 


Wt. % B 


0.0 

37.3 

20.4 

46.5 

64.7 

54 5 

100.0 

65.6 


B « CJStN, Quinoline (* 7 ) 


Wt. % B 
0 00 
4.46 
8.82 
13 24 
17.59 
22.44 
32.96 
41.80 
60.84 
68.39 
69 31 
78.67 
80.20 
100.00 


27.40 

29.32 

25.32 
24 45 
23.70 
22 96 
21.77 
21.19 
21.37 
22 ^<5 
24.24 
26.52 
29.76 
34.01 


¥*40 

36.30 

35.03 

33.84 

32 69 

31.74 

30 77 

29.33 

28.82 

28.86 

29.63 

31.65 

34.16 

37 59 

41.93 


B *= CoHtN. — (CorUinued) 


Wt. % B 

¥*M 1 


Wt. %B 

0.00 

54.8 

74.2 

0 

4.46 

63.4 

72.9 

26 

8.82 

62.4 

71.8 

50 

13.24 

61.3 

71.1 

75 

17.59 

50.3 

70.4 

100 

22.44 

49.4 

69.4 

Wt. %B 

32 96 

47.8 

68.0 

0 

41.80 

47.1 

67.3 

25 

50.84 

47.1 

67.4 

50 

58.39 

48.0 

68.0 

75 

69.31 

50.1 

69.6 

100 

78.57 

52.7 

71.9 

Wt. %B 

89.20 

55.9 

75.7 

0 

100.00 ' 

69.8 

80.0 

50 


100 


B = C 7 H 14 O 1 , Isoamyl ace- 
tate for 78.9 Wt. % B, 

¥*a 4 “ 95.1 for o-A; = 69.0 for 
m-A; « 63.9 for p-A. 


B 


C3, 

Benzene 
C,HiO, Phenol 


Wt. % B 

¥*» ® 

0.00 

' 159.0 

6.04 

146 4 

9.84 

138 1 

20.1 

116 6 

32.40 

88.8 


71.4 


52.3 

63.65 

37.85 

74.11 

26.24 


18.69 


9.06 

B **» CgHioO] 

1 , Ethyl aceto- 

acetate (*») 

Wt. % B 

ipu 

0.00 

162.7 

2.78 

162.1 

10.47 

162.7 

43.66 

125.9 

93.88 

71.1 

100.00 

66.3 

B « Cyclohexane; for 

data at 20 ''C, v. (** 2 - 2 ). 

B “* CgHiiO] 

1 , Paraldehyde 

(108) 

gB /1 


0.000 

155.7 

4.740 

155.6 

6.768 

155 6 

18.960 

165 2 

33.841 

155.1 

94.800 

152.5 

169.208 

149 5 

822.4 

98.7 

896.9 

94.1 

959 1 

87.6 

989.6 

85.0 

994.8 

84.9 


B CrHg, Toluene (®®) 


B = CgHrN. — (Continued) 


¥*i» 

¥*ao 


142.1 

154.1 

165.0 

160.3 

171.2 

^79.9 

158.5 

167.5 

176.7 

152.7 

164.7 

174.2 

159.5 

170.6 

180.8 

¥*io 

¥*it 

¥*40 

177.9 

189.8 

203.3 

190.5 

200.8 

-211.9 

188.3 

; 199.2 

210.1 

185.5 

197.6 

208.3 

192.3 

202.8 

214.6 

¥*70 

1 

¥*80 


284.9 

285.7 

287.4 


Wt. % B 
0.00 
8.44 
33.42 
69.41 
89.01 
100 


305.8 
314.5 

<fiti (*®) 

166.9 

168.4 

172.7 

179.2 

180.2 

184.8 


B 


50 Wt. % B (t 02 ) 

^C 

¥* 

0 

124.4 

25 

179.5 

40 

216.6 

55 

249.3 

70 

284.3 

* CtHsO, 

m-Cresol ( 


M % B 


^44 

0 

137.9 ! 

270.8 

25 

80.9 

189.5 

50 

34.0 ' 

144.9 

75 

12.15 

93.9 

100 

3.37 

64.8 


(18, 116) 


Wt. % B 
0.00 
21.83 
36.23 

65.26 
71.50 

87.26 
100.00 
Wt. % B 

50 
75 
100 


•Pit 

145.8 

122.0 

113.5 

87.9 

72.7 

60.8 
50.2 

105.6 
78.7 

59.9 


B * CgHigO,, Ethyl ethylace- 
toacetate ( 35 ) 


Wt. %B 

¥*tl 


162.7 

17.75 


24.98 

141.3 

36.13 

129 4 



3 - CgHrN, 

Quinoline (? 

0.00 1 

1 165.0 

15.83 

1 128.1 

23.33 

' 122.0 

32 44 

106 9 


Wt. % B 


45.55 

88.6 

55.77 

74.9 

68.84 

61.3 

73.33 

52.4 

84.34 

42.7 

100 00 

29.75 


B — C3ioO}, Ethyl benxoate 

(^*) 


Wt. % B 

Vol. % B 


0.00 

0.00 

165.3 

22.35 

19.43 

138.0 

54 19 

49.78 

98.2 

67.74 

63.75 

83.3 

75 14 

71.70 

75.4 

85.86 

83.67 

64.2 

91.47 

90.00 

58.5 

100.00 ! 

100 00 

50.2 

B =* CioHg, Naphthalene (7*) 

0.00 

0.0 

165.3 

8.11 

7.3 

152.3 

17.16 

15.2 

137.7 

22.97 

20.6 

129.8 

28.82 

25.8 

121.0 

34 10 

30.8 

114.1 

37.69 

33.9 

109.0 


For data at 10-31°C, v. (^***). 

B = CioHii, 1, 2, 3, 4-Tetrahy- 
dronaphthalene; for data at 
20°C, w. (152.2). 


B 


CioHigOi, Ethyl diethyl- 
acetoacetate (35) 


Wt. % B 


0.00 

162.7 

3.65 

160.3 

14.16 

146.7 

49.52 

101.3 

68.19 

75.7 

100.00 

36.8 


B * CjgHio, Diphenyl (^i) 


Wt. % B 

Vol. % B 


0.00 

0.0 

165.3 

18.08 

15.8 

131.8 

30.57 

27.3 

110.9 

53.03 

48.9 

77.0 


B s CigHisOg, Benzyl benzoate 

(1^) 

Wt. % B| 

0.0 

26.0 


60.0 

76.0 
100.0 

Wt. % B 
0.0 

25.0 

60.0 

75.0 
100.0 

Wt. % B 

50.0 
100.0 


^4 

120.5 

76.4 

42.4 

18.9 
5.18 

^4r> 

203.5 
138.8 

66.0 

45.9 
19.07 

¥>M 

139.3 

52.3 


142.6 

92.8 

48.0 

25.0 
8.25 

257.9 

179.3 

86.1 

64.3 

30.7 


ipu 
166.1 
110.3 

63.7 

32.5 

12.06 

301.8 

212.7 

115.6 
82.0 

44.6 

ipm 

60.4 
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B » CiiHisOs. — {Cxmiintted) 


Wt. % B 

VoL % B 

(’>) 

0.0 

0.0 

165.4 

38.71 

33.08 

83.6 

65.60 

59.91 

43.45 

79.17 

74.84 

27.90 

90.73 

88.44 

18.25 

95.88 

94.78 

14.53 

100.00 

100 00 

11.83 


B 


■« CicHsiOt, «ec.-Octyl 
drogen phthalate (*®) 
Wt. % B 1 

Racemic 

147.8 


hy- 


5.86 
8.24 
10 61 
14 95 

15.28 

18.29 

6 18 

10 71 

11 16 
19.44 

19 29 


Dextro 


I>!VO 


139.1 
133.0 
118.6 
116 2 
108 8 

146 1 
132 0 
131 0 

105 0 

106 2 


Cft!HeBrN 

Bromoamline 

B — C;HuO|, Isoamyl acr- 
Ute for M A/1 B - 0.71, 

- 103.5 for o-A; - 101.5 
for p-A. 


CeH«ClN 

Chloroaniline 

B — CTHi40t, Isoamyl ace- 
tate (>>»);for M A/IB - 0.71, 
108.1 for o-A; — 105.0 
for m-A; — 104.3 for p-A. 

CeHJN 

lodoamline 

B - C7H 14O1, Isoamyl ace- 
Ute (»»*); for M A/1 B - 0.71. 
* 98.9. 

C«HelViO| 

Nitroamline 

B * CtHuO}, Isoamyl ace- 
tate 0»»);for M A/1 B - 0,71, 
ipu * 98.8 for o-A; — 96.1 for 

m-A. 


C»H.O 

Phenol 

B - CJStN, Aniline (*T) 
Wt. %A 

0 0 23 36 157 0 

7 94 19 65 150 2 

15 31 16 39 144 3 


B = CeHrK. 
Wt. % A ipto 

23.34 13.60 

31.28 11 25 

39.39 9.44 

47.56 8.23 

53.81 7.58 

62.50 7.05 

69.52 6.91 

77.02 7.04 

85.02 7.51 

92.28 8.19 

100.00 9.06 

Wt. % A spio 

0.00 31.8 

7.58 27.3 

15.96 28.0 

23.33 19,7 

31.65 16.8 

39 14 146 

47 14 130 

54 00 12.0 

61 84 11 2 

69.28 11 02 

76.86 11 25 

84 80 11 99 

92 .50 13.02 


{ContiniLed) 

138.3 
133.5 


129.9 

126.9 
125 2 

123.3 

122.4 
122.2 
123.0 

125.5 

129.9 

^40 

41 6 

36.5 
27 7 
27 7 
24 4 
21 7 
19 6 
18,35 
17 45 

17 15 
17.45 

18 32 

19 6 


B = CftHsNj, Phenylhydra- 
zine 


B = CJ 


iiN, Dimethylaniline 
( 17 ) 


Wt. % B 

<P» 

0.0 

31.2 

20.2 

19.05 

40.2 ! 

13.36 

50.1 

12.47 

53.7 

12.20 

62.8 

12.42 

80.4 

15.26 

100 0 

21.83 


B - CtH^N, p-Toluidine (17) 


Wt. % B 

V’aQ.* 



0.00 

20.88 

1 39.7 

63.25 

10.24 

18.59 

' 36.0 

58.4 

19.81 

16.91 

33.4 

55.4 

28.89 

15.95 

32 2 

53.8 

37.30 

15-90 

32 1 

53.8 

44.91 

16.63 

33.2 

55.4 

53.75 

18.42 

35 6 

58.6 

61 43 

20.75 

39 0 

62.5 

70 14 ' 

24.45 

43.8 

68.1 

79.33 

29.83 

50.4 

75.6 

90 15 

38.00 

60.6 

87.0 

100 00 

48 08 

71.5 

99,4 


100 00 

14 

10 

21 0 

Wt. % B 

<^ 9.9 

V’>3l 

Wt. %A 

1 

! V’w 



•PVI 

0 00 

89.7 

129.9 

0.00 

64 

9 


i 90 9 

in 24 

8. 

5 4 

124 1 

7 58 

59 

2 


85 1 

19 81 

82 6 

120 5 

15 96 

53 

2 


78 1 

28 89 

80 6 

118.1 

23 33 

48 

0 


72 7 

37 30 

80 3 

117.5 

31 65 

43 

.8 

1 

i 

1 

67 6 

44 91 

81.6 

118 8 

39 14 

40 

2 


63 7 

53 . 75 

85.1 

122 0 

47 17 

37 

45 

60 17 

61 43 

89 1 

126 6 

54 00 

35 

8 


58 1 

70 14 

95 2 

133 5 

61 84 

34 

5 


56 6 

79 33 

103.2 

1 

141 6 

69 28 

34 

0 


55 8 

90 15 

115 1 

152.7 

76 86 

34 

25 

56 3 

100 00 

130.6 

164 5 

84 80 

35 

3 


57 3 

Wt. % B 

v’i w 

¥>i7k 

92 .50 

37 

2 


59 9 

0 00 

168 9 

203.3 

100 00 

39 

,7 


63.3 

13 66 

161 8 

196.9 

W’t. % A 


(140) 

20 57 

158 7 

195 3 

0 00 

1 


36 

6 

23 75 

157 5 

194.2 

1 

35.1 


1 


18 

6 

34 31 

156.0 

192 3 

51.4 




15 

3 

43 69 

157 2 

193.4 

67 9 




13. 

9 

54 39 

161 6 

197 2 

79 7 




14 

4 

61 76 

165 8 

201.6 

100 0 




18 

0 

65 58 1 

168.4 

204 1 







76 89 1 

178.6 

213.7 

M % A 

V»ll 

1 


•fin 

83 38 ' 

184.8 

219.3 



(”) 

(77) 

100 00 

203.7 

236 4 

0 

27.19 

50 

09 

63 2 

Wt. % B 


10 

24 42 

, 45 

32 


0 0 


14 29 

25 

20 25 

38 

. 45 

52 6 

28 S 

1 


11 19 

32 

17.75 

36 

i.l5| 

50 2 

37 8 


10 40 

40 

15 92 

1 




41 2 

t 

r 


10 62 

46 

14 671 

31 

69 

46 8 

52.5 

9 

1 

1 

11 57 

50 

13 73 

30 

1 41 

45 7 

60 1 



13 21 

54 

13.; 

17 

; 30 09 

45 6 





60 

12 79l 29,04 

! 44.8 

1 





68 

12 62 

j 28.72 

44 7 

1 

0 

b 

, Isoamyl ace- 

75 

12.92 

28.56 

44 6 


tate (1 3®) 


90 

14 71 

19.48 


Wt. % B ! 


¥>99 

100 



1 30 60 

45 6 

1 84 7 

1 

90 5 


Wt. %B 

^10 


0.00 

4.975 

9,06 

7.24 

5.09 

9.20 

14.61 

5.40 

9.71 

21.86 

6.10 

10.64 

30.03 

7.42 

12.48 

37.18 

9.14 

14.82 

44.25 

11.51 

17.73 

51.73 

14.37 

21.28 

59.61 

18.81 

26.53 

66.92 

23.89 

32.4 

76.06 

31 80 

41 4 

82.70 

38.67 

48.9 

90.93 

48.17 

59.4 

100.00 

60.46 

72 1 

Wt. % B 

¥’t9.a 

^40. t 

0.00 

14.10 

21.1 

6.81 

14.58 

21.8 

13.92 

15.43 

22.7 

21.17 

16.6 

24.1 

29.01 

18.8 

26.9 

36 05 

21.3 

29.9 

43.86 

25.4 

35.0 

50.81 

30.0 

39.8 

58.54 

35.3 

45.8 

67.29 

43.2 

54.35 

75.40 

51 6 

63.7 

83.39 

61.4 

73.8 

92 07 : 

74,0 

86.3 

100,00 

85.2 

97.9 

Wt. % B 

^69.9 

¥>80 

0.00 

39.5 

63.1 

6.81 

37.5 

63.8 

13 92 

42.0 

66.7 

21 17 

44.0 

67.9 

29 01 

47.6 

72.5 

36.05 

51.0 

76.2 

43.86 

66.8 

82.4 

50.81 

63.0 

89.4 

58.54 

70.0 

97.6 

67.29 

78.9 

106.7 

75.40 

89.0 

117.4 

83.39 

99 9 

127.9 

92.07 

113.9 

141.4 

100.00 

125.2 

152.0 

Wt. % B 


^177 

0.00 

129 9 

204.1 

7.24 

131.4 

214.1 

14.61 

134.2 

217.4 

21.86 

137 4 

220.8 

30 03 

142 2 

226.2 

37 18 

147.1 

231.5 

44.25 

153 1 

237 0 

51 73 

159.5 

243 9 

59.61 

168.4 

251.3 

66.92 

177.0 

259.1 

76 06 

188.3 

268.8 

82.70 

196 9 

276,2 

90.93 

207 5 

284 1 

100 00 

216 9 

293 .3 
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C*H«0 

B « C,H 

Wt. % B I 

0.00 

7.94 

16.03 
23. 

31.79 
39.70 

46.80 
54.92 
62.48 

70.24 
77 27 
86 44 
92 46 

100.00 

Wt. % B 

0.00 

8.21 

16.51 

24.26 

32.08 

40.11 

47.69 

65.38 

62.86 

70.18 

78.04 
85 08 
92.23 

100.00 

Wt. % B 

0.00 

8.21 

16.51 

24.25 

32.08 

40.11 
47 69 
65.38 
62.86 
70.18 
78.04 

85.08 

92.23 
100 00 

Wt. % B 

0 00 
7 94 
16 63 

23.12 
31 79 
39 70 
46.80 
54.92 
62.48 

70.24 
77 n 

85 44 
92 46 
100.00 


. — {Continued) 

7N, QuinoUne (* 7) 


B == CioH»N, or-Naphthyl- 
amine 


^t.s 

4.98 

4.13 

3.17 
2.61 
2.11 

1.90 
1 97 
2.67 

3.78 
6 96 
8.55 

12.35 

16.16 

20.81 

14.10 

11.85 

9.90 
8.50 
7.44 
6.76 
6.96 
8.19 

10 36 
13.47 
17 85 
22.25 
27.43 
39.97 

39.68 

34.78 

30.17 
26.95 
24.39 
22.73 
22.94 
24.39 
27.43 
32.05 
38.24 
44.54 
61.28 
59.84 

129 9 
119 6 
108 9 
103 2 
94 8 
89.4 
86 4 
86 6 
89.2 
94 0 
101 2 
in 0 
no 5 

127 2 


V’M. 1 

9.06 

7.48 

6.02 

6.15 

4.30 

3 95 
4.08 

4 92 
6.65 
9.45 

12 74 
17 47 
21.77 
27.61 

^40 

21 01 
18.12 
15 24 
13.37 
11.92 
11 06 
11.27 
12.58 
15 15 
18.74 
23 84 

28.95 
34.66 

41.96 

63 3 
56 0 

49.3 
45.0 

41.4 

38.7 

38.3 

39.7 

43.3 

48.3 

65.3 

62.4 
70 2 
80 0 

203 3 
194 9 
184 6 
175 4 
165 0 
158 2 
164 1 
1.53 4 
163 8 
1 55 8 
160 8 
170.1 
177.3 
182 8 


Wt. %B 

V>»0 


0.0 

14.29 

31.2 

62.0 

4.02 

11.7 

56.5 

3.72 

11.11 

79 1 

3.09 

9.17 

92 5 


8.85 

100 0 


8.93 


B =« CiiHiiN, Diphenyl- 
methylamine (n) 

Wt. %B] I «>io. 1 


B = CijHiiN, Diphenyl- 
amine (1”^) 

Wt. % B I IftQ I ^40 


0.00 

7.96 

15.41 

23.40 
31.16 

40.35 
46.57 

53.44 

61.40 

69.13 
76.71 
84.82 

92.13 
100.00 
Wt. % B 

0 00 
7.96 
15 41 
23 40 
31 16 

40.36 
46.67 

63.44 
61.40 

69.13 
76.71 
84.82 

92.13 
100.00 

Wt. % B 
0.0 
32.4 
68.9 

79.6 


14 10 

13.78 
13 48 
13 07 
12.64 
12 08 
11.61 
11.14 
10 56 

9 97 
9 33 
8.58 
7.96 
7 37 

39 84 
39.53 
39.00 
38.17 
37.24 
35.84 
34.90 

33.78 
32.42 
31.02 
29 50 
27 86 
26.11 
23.98 


•Paq 

21 10 
20 64 
20 1 
19 5 

18.9 
18 15 
17 6 

16.9 
16.1 
15 3 
14 4 

13.5 

12.6 
11 8 

V’SI 

63 5 
62 1 
61 0 
59.6 

58.0 

56.1 
54 7 

53.2 
61 2 
49 4 
47.1 
44 6 
42 4 
39 6 

(><<») 

31.2 

26.15 

22.93 

20.0 


B * CiiHisO*, Diethyl 
diacetyltartrate (!>») 
Wt. %B I I tfiA 


0.0 

30.87 

65.46 

68.37 

84.38 
94.58 

100 00 
Wt. % B 
0 00 
30 87 
55 45 
68 37 

84.38 
94.58 

100 00 


39.9 
34.7 
19.5 
12 0 
10.26 
8.24 

8.5.6 

70.6 
44 9 
32.3 

28.7 
24.6 
18 17 


67 4 
49.6 
30 0 
18 9 
16 3 
14 3 
11.17 

•Pvi 

125.2 

103.3 

69.3 

45.4 
45.8 
40 3 
32.0 


0.00 

10.70 

21.21 

32.90 

43.13 
51.58 

63 08 
72.31 
82.82 
90.52 
95.08 

100.00 
Wt. % B 
0.00 
9.95 

17.78 
26.42 
37.88 

50.13 
64.66 
79.96 

89.79 
95.02 

100.00 
Wt. %B 
0 00 
9 95 

17.78 
26.42 
37.88 

60.13 

64 66 
79.96 

89.79 
95.02 

100.00 


4.98 
5.33 
5.71 
6.20 
6.66 
7.09 
7.66 
8.16 
8.73 
9.12 
9.17 
9 12 

V’lO 

14 10 
14.86 
15.38 
15.97 

16.75 
17.54 
18.45 
19.27 
19.49 
19.61 

19.49 

39.53 

40.08 

40.49 
40.90 
41.41 

41.75 
42.11 
42.19 
41.67 
41.07 
40.32 


9.06 

9 54 

10.05 

10.69 
11.30 
11.83 

12.53 
13 09 

13.70 
13.99 
14.12(7) 
13.85 

21.10 

22.17 

22.73 
23.36 
24 10 
24.88 
25.77 

26.53 
26.60 
26 43 
26 08 

63 09 
63 06 
63 09 
62.93 

62.74 
62.38 
61 58 
60.61 
59.45 
58.55 
57.64 


Aniline 

C»His, Cyclohexane (*•) 


**0 

1 


0 Wt. % A 

17 

97.1 

22 

107.6 

27 

116 3 

32 

126.6 

35 

133 3 


28.45 Wt. % A 


30.6 

31.0 
33 0 

35.0 

37.0 


93.5 
97 1 
102.0 
107.5 
112 4 


42.85 Wt. % A 


31 0 
32.5 

34.0 
36 0 

37.0 


65 8 
78 1 
87.0 
94.3 
96.2 


B s® CftHit. 

— {Continued) 

•^c 

1 ^ 

46.63 Wt. % A 

37.0 

90.1 

62. 1 Wt. % A 

29.6 

60.2 

31.0 

68.0 

32.0 

71.4 

35.0 

78.7 

37.0 . 

82.0 

68.76 Wt. % A 

31.6 

66.2 

31.9 

67.6 

32 4 

69.4 

33.6 

71.9 

36.5 

78.7 

72.78 Wt. % A 

27.9 

62.6 

30.0 

55.9 

33.0 

60.6 

36.0 

65.4 

100 Wt. % A 

19 0 

22.4 

23 0 

25.8 

26.0 

28.4 

29.0 

31.2 

32.0 

34.1 

35.6 

37.6 


B = CftHilN, Aniline hydro* 
iodide 
Wt. % B 1 


0.00 

2.04 
4.21 

9.04 
14.05 
18.00 
20 48 


27.5 
25.2 
22 2 
17 8 

13.5 
11.4 

9 73 


B •« CrHf, Toluene (••) 


Wt. % B 


1^100 

25 

168.6 

200 

50 

226 

256 

75 

293 

330 


45.63 Wt. % A 


31 5 
32.5 
36 0 


70 4 
76 9 
87.7 


B - 
M % 
0 
10 
25 
35 
45 
50 
55 
65 

75 
90 

100 
M % 
0 
25 
45 
55 

76 
90 

100 


CtHsO, m-Cresol 
B i tca I ^4.1 I 


¥>0 

9 79 

7.18 
4.23 
2.87 
1.96 
1.66 
1.49 
1 22 
1.12 
1.09 

1.19 

^P7#.I 

64.60 
54 92 
49 42 
47.63 
45.51 
45.32 
45 85 




34.43 57.71 
29.47 52.74 
22.17 46.69 

18.77 43.59 

16.97 40.60 

14.78 

13.98 37.85 
12 80 36.37 
12.27 35.53 
12.14 34.60 
12.34 35.90 

77 11 
69 08 
63.49 
60 93 
59.37 
68 93 
58.99 


NON- AQUEOUS SOLUTIONS: A » C*H. TO CtH* 


49 


B ■■■ CfHfO. 

— (Cofiltnti^rf) 

M %B 


0.0 

26.87 

30.0 

14 71 

37 4 

12 20 

46 1 

10 39 

54 9 

8.993 

63.1 

8 20 

77.8 

8 12 

100 0 

! 7.76 


B - C,H*0, p^CtwA (i*^) 


Wt. % B 


ITM 

0.0 

27 62 

49 

7 

30 0 

14 39 

34 

1 

53 6 

9 35 

25 

2 

62 7 j 

8 06 

23 

5 

79 6 

6 94 

21 

6 

90 0 

6 90 

21 

2 

100 0 


21 

6 


B « CrHitOf, UoAinyl 

fterrtaU ) (**•) 


M A/] B 

^4 

0 71 

113 1 




Wt % Bl 


1 


t 

9 


t 

0 

00 

V 

95 

15 

M 

23 

47 

11 

74 

12 

62 

19 

I'A 

27 

47 

21 

75 

15 

27| 

22 

67 

31 

55 

33 

30 

18 

25 

26 

07 

i 

1 

4 

43 

68 

22 

17 

31 

15 

41 

8 

54 

66 

26 

39 

36 

2 

47 

6 

65 

69 

31 

2U 

41 

V i 

54 

4 

76 

54 

36 

1 

76 

48 

2 

61 

4 

88 

49 

44 

15 

56 

2 

70 

0 

100 

00 

53 

76 

i 65 

4 

80 

6 

Wl ' 

% B 


1 

L« 



0 

00 

31 

8 

1 

41 

6 

! 64 

7 

11 

74 

37 

0 

48 

1 

i 71 

7 

21 

76 

42 

0 

53 

6 

78 

1 

32 

30 

47 

3 

50 

7 

85 

4 

43 

68 

53 

5 

66 

7 

03 

9 

54 

66 

59 

9 

73 

8 

102 

4 

65 

69 

66 

9 

81 

6 

111 

6 

76 

54 

74 

9 

90 

4 

131 

1 

88 

49 

85 

5 

101 

8 

132 

8 

100 

00 

97 

1 

114 

8 

145 

6 


Wu % B 
0 00 
U 74 
21 7S 
33 30 
43 Og 
M M 
M 00 
76 &4 
M 40 
100 00 


0 

7 

0 


^1 

00 

im 

105 
lU 0 
123 M 
131 
141 
151 8 
165 8 
176 2 


6 

6 


CeftioO 
Meeityl oxide 

B * C 7 Ht 403 , Isoamyl acetate 

(»») 

Wt- % B ni 

86-85 134.0 

91 42 131 7 

C3ioO . 

Ethyl acetoacetate 
» CtH\n. 2, 6-Lutidine (35) 
Wt. % B 


B 


0 00 
10 9 
32 63 
62 01 
88 55 
100 00 


112 5 
107 6 
98 2 
87 3 
69 5 
65 1 


Dimethyl d-tartrate 
B C«fii»0*, Ihmethyl dl 
tartraUr (' *•) 

Wt. % B 


0 

.50 

KK ) 


¥>U 

7 52 
7 63 
7 og 


lecMvlianuae 

B • Uuamyl 

Ute 0 ••); fur 0 71 M A/1 B, rt* 
-90 lforn^.A; - 101 


Heiaiie 

H - Cail.i, 1, 2, 3, 

hy(lronaphthal»*Qe, ff^r data at 
•jrrc. r (>■>-»> 

B «* C,*Ufi, l>eraijtr (Dimo- 
aniyli (*•) 

Wt % B Vol ^4 1 r,. 

n, 

25*(’ 

0 00 


0 00 
35 .50 i 33 17 


62 28 
lOU UO 


.59 H2 
KM) OOI 


304 0| 35:i 6 
228 9 269 2 
181 o' 216 3 
120 Hi 149 2 


W'l % B 

rM 

1^61 

0 (M) ! 

403 K 1 

4.59 2 

35 50 

; 312 6 1 

356 5 

62 28 

254 6 

294 2 

1 

KM ) 00 

180 5 

213 4 


CrHiNO 

Beoaalduxime 

B » C)Ht40», lacMunyl ace- 
tate {’3^); lor M A/Tt* - 
0 25. ^.41 - 119.4 for o-A;* - 
118 5 ford- A. 



m- N i trutol ue De 

B — Ci»HuO», Diethyl diace- 
tyltartrate (*3*) 

Wt. % B i ^ 

1-67 3*C 


0 00 
25 92 
49 32 
67 74 
80 77 
92 18 
100 00 


115 3 
72 2 
49 4 
30 9 
21 8 
13 2 
11 17 


B =■ CitHisOg 
Wt. % B 

i - 82 

0.00 
25.92 
49 32 
67 74 
80.77 
92 18 
100.00 


t = 99 


0 00 
25 92 
49 32 
67 74 
80 77 
92,18 
100 00 


-(CorUintied) 

2°C 
140 5 
88.9 
68.2 

45.2 
34 1 

23.2 
IS 17 

O^C 
175.3 
117 2 
96 0 
65 5 
53.0 

37.2 
32 0 


C,H, 

Toluene 


ts - UtxIiU, m-i resoi (^**; 

M % A 


^•4 

0 

3 37 

54 8 

25 

12 1 

91 4 

.50 

40 0 

154 :i 

75 

88 3 

215 3 

JOO 

132 7 

268 1 

B - C»H 

i#Oi, Kthyl Ix'tizoate 

( 

rf (»•) 

Wt % H 

Vol. % H 


0 00 

0 00 

181 2 

22 67 

19 51 

146 1 

47 26 

42 56 

110.2 

73 51 

! 60 64 

78 2 

81 W) 

i 78 90 

68 9 

89 85 

87 98 

1 

60 4 

la) (Mi 

KM) (M) 

50 25 

B — Ci(4I», .Naphthalene (^*) 

0 0 

0 0 

181 0 

6 73 

4 8 

171 1 

13 72 

11 8 

1.56 4 

2rj 12 

17 4 

145 6 

27 31 

24 1 

133.9 

hijr data at 10 3rC, e» 

r74.i). 



H » CiiHi*, Diphenyl (^i) 

0 0 

0.0 

181 2 

21 38 

18 6 

136 3 

32 02 

28 2 

lie 4 

38 97 

34 8 

103 9 

B — Beniyl benxo- 


au (^1) 


0 00 

0 00 

181 2 

41 69 

3.5 58 

84 5 

63 11 

56 93 

49 6 

81 09 

76 82 

27 7 

89 60 

86 94 

19 7 

95 41 

94 16 

16.0 

IfX) 00 

100 00 

11 83 

B — Ci«Hi« (?). TurDeotme 


(••) 


W'l % B 
0 00 

24 91 


rti 

1H6 6 
164 7 


B = CioHi«. 

— (Coniintied) 

Wt. % B 


46.30 

142 6 

79.35 

102.2 

93.21 

83.9 

100.00 

74.5 


CtHsO 

Benzyl alcohol 

B = CtHmOs, Isoamyl acetate 

( 136 ) 

Wt. % A 


17 2 


y ’ s5 

96 6 


C7H8O 

m-Cresol 

B = CtH^N, o-ToIuidine (78) 
M % B ipii ^44 

0 3.37 54.8 

25 2 97 53.2 

50 3.92 58.4 

75 8 12 74 9 

100 17 22 101 7 


M % A ! 

V>u 0^^) 

0 0 

27 43 

33.0 

12 41 

49 6 

8 92 

66 2 

7.23 

75 1 

7.27 

100.0 

7.75 


B — CtHjjOj, iHoamyl ace- 
tate (13»); for 17.2 Wt. % A, 
y»t» “ 8.5.9 for d-A; — 85.7 for 
m-A; — 85.5 for p~A. 

B " C«HiiN, Dimethylaniline 

( 78 ) 


M % B 


^44 

•fill 

0 

2 47 

54.8 

71.7 

25 


68 0 


26 9 

6 65 


77.3 

50 

118 

98 3 


65 1 

21 3 



76 



138 3 

100 

58 0 

165 7 

202 8 


C7lIgO 

Aniaole 

B — CtHmOi, laoamyl acetate 

( 138 ) 


Wt, % A 

*Pl4 

17 2 

121 0 


CrH^N 

Toluidine 

B ■■ C 7 H 14 O, laoaniyl acetate 
(>>•); for M A/1 B « 0.71. 
iPi* - 113.1 for o-A; «- ]i3.4for 
m~ and p-A. 

C,H»NO 

^Afiiaidine 

B — CtHkOi, laoamyl acetal*; 

(lit) 


M A/1 

*Pt4 

0 71 

108 6 




INTERNATION/VL CRITICAL TABLES 





CtHhOj 

ISORmvl acetate 


H = CsHe, Phcnylacet>ieac 


(« 

Wt. % B 
0.00 

7.43 

100 00 

;o) 

126.6 

126.4 

113 3 

B = C«HtNOi, Piperonal 

oxime ('37)j for M BAg = 
0.25, ^j4.7o = 113.0 for o-B; = 
109.2 for /3-B. 

B = C JIa, Phe 
Wt. % B 
0.00 

4.70 

100.00 

(1 

8 39 1 

nylethylene (3®) 

126.6 

126.9 

90.2 

') 

124 6 

B =* C»H,0, 

(= 

4.31 

8.28 

Acetophenone 

124.7 

122.3 

B “ C(HiO], Phenyl acetate 

(IS 6 ) 

20.7 1 107.3 

B - C»H,0„ 

(3 

Wt. % df-B 
6.12 

7.64 

9 86* 

1Z.88 

Wt. %f-B 
4.72 

7.93 

8.65 

11 39 

Mandelic acid 
»«) 

95.4 

90.9 

84.2 

74.9 

100.1 

89.4 

87.0 

78.1 

B ** CtHtNOi, Anisaldozime 
('3^); for M BAg - 0.25, 
^i4.7t “* 115,7 for cr-B; » 114.6 
for /3-B. 

B - C.H„^ Ph 
Wt. % B 
0.00 

7.43 

100.00 

enylethane («®) 

Vif 

126.6 

129.9 

164.6 

B » CtHioO, Methyl benzyl 
ether (*36) 

19.0 1 117.9 

B * C«Hi«0, Phenetole ('»«) 
19 0 1 117.0 

B = CtHisO, Methyl tolyl 
ether (*36); for 19.0 Wt. % B, 
rss ** 115.5 for o-B; = 113.8 
for w-B; « 116.3 for p-B. 

B « C,H.O„ 

acid 

Wt, % B 
2.86 

3.81 

5.80 

7.16 

Phenylpropiolic 

l(««) 

116.7 

113.3 

105.7 

100.4 


B — C^HrBrOt) cw-Allo-1- 
bromocinnamic acid ('37) 


M BAg 

0.?5 

^^24. 70 

116.2 

B = CdHtBiOi, trans-l~ 
Bromocinnamic acid (* 37 ) 
0.25 1 114.7 

B *= C»H«0]| 

(' 

W't. % B 

3 89 

5 02 

Cinnamic acid 

SO) 

^24 

112.1 

108.1 

B «= C 9 H 10 O 1 
pionic 1 
Wt. % B 
4.01 

6.75 

^Phenylpro- 
icid (®®) 

¥> 2 S 

115.5 

110 2 

B = CfHioOi, Benzyl acetate 

(136) 

22 4 1 102 7 

B =* C*HioOi, Ethyl hydroxy- 
benzoate (*36)^ for 24.2 Wt. % 

B, •pu = 95.7 for o-B; « 63.0 
for m-B. 

B - C*H„NO 
nobenzo 
M B/1 A 

0 71 

1 , Ethyl p-ami- 
ate (*39) 

^21 

88.5 

B = CtHiiNO^, Ethyl anthra- 
nilate (*39) 

0.71 1 100.8 

B « C 3 . 4 O, 
Wt. % B 
8.24 
14.90 

, Phorone (3i) 

^2» 

122.9 

U9.8 

B = CioH«0, Naphthol (*36); 
for 21.7 Wt. % B, = 64.6 for 

<»-B; = 62.6 for ^B. 

B = C 10 H.N, Naphthylamine 
(**•); for 0.71 M B/1 A, = 

97.0 for or-B; 97.1 for S-B. 

B ™ CioHioO 

acetoi 
Wt. % B 

5.12 

9.12 

, Benzylidene- 

3e (31) 

fpti 

117.8 

110.6 

B CioHioC 
16. 45* 
6.54 
27.30 

> 2 i.Safrol (31) 
104.4 

120.1 

99 1 

B «** CioHijO, 

(3 

3.66 

7.92 

Benzylacetone 

'*) 

123.4 

120.1 

B = CioBlxO; 
12.26 
19.61 
7.66* 

14 61* 

1 , Eugenol (3i) 
103.2 

90.4 

108.7 

94.16 


•/•o-B. 


B = CioHisNO, Carvoxime 


(*38); for 85.8 W^t. % B, = 

90.2 for d-B; = 90.0 for df-B; 
for 100 Wt. % B, ^5 = 21.01 
for d-B; = 21.10 for df-B. 

B — ClxHlOy 
Wt. % B 
2.94 

4.32 

Diphenyl (31) 

^2ft 

124.5 

123.1 

B «= CiiHiiN, 

(* 

M B/1 A 

0 71 

Diphenylamine 

39) 

^^24 

93.4 

B = CisHjtO, 
acetoi 

Wt. % B 
1.50 

2.47 

Cinnamylidene- 
oe (31) 

^24 

126.6 

123.7 

B = CisH]oO| 

0 

5.74 

6 48 

Benzophenone 

►>) 

117.5 

115 6 

B =s CjiHitN*, Benzaldehyde 
phenylhydrazone (*37); for 0.25 
M BAgt v»24.7o ™ 113.8 for <r-B; 
= 111.98 for ^B. 

B — C|iH]xOy 
bind 
Wt. % B 

26 1 

Diphenyl car- 

(136) 

^24 

66.8 


B 


CuHtoOj, Menthyl pro- 
piolate (®o) 

5.37 I 114.9 


B 


' CuHioi Diphenylacety- 
lene (80) 

4.17 I 120.3 


B CiiHiiNO), Benziloxime 

('37);for0.26MB/kg,^*.,o « 

107.5 for o-B; » 106.3 for 



B ■= C14H191 Dipheoylethylene 

( 60 ) 


Wt. % B 

^14 

1.39 

124.4 

4.70 

119.1 


(60) 

4.37 120.9 

5.29 119.9 

» Ci^iaO, Benzylidene- 
acetophenone (^0) 

4.00 117,9 

5 45 114 7 

Benzylaceto- 
phenone (31) 

3.99 120.6 

5 10 117.8 

CiiHiiO, Diphenyl- 
acetone (31) 


4.28 

4.84 


120.2 

119.6 


B C,*H 
butadi 
Wt. % B 
2.06 

2 44 

i4i Diphenyi- 
ene («0) 

Pu 

120.8 

121.1 

B « Ci^H, 
butai 
1.44 

3.40 

1 , Diphcnyl- 

le («0) 

124.0 

117.3 

B “> CitHuO, 
acetoi 
2.15 

2.76 

Dibensylidene- 
le (31) 

121.1 

119.4 

B =* C]tH| 40, 
acetophe 
2.10 

3.31 

Cinnamylidene^ 
none (3i) 

122.0 

118.4 


B 


CiiHsiOi, f-Menthyl df- 
mandelate 


Wt. % B 

“C (»38) 

p 

14.0 

25 

90.1 

100.0 

85 i 

15.3 

B » f-Mcnthyl f-mandelate 

14.0 

25 

92.2 

100.0 

85 

16.8 


B 


CitHiiOt, Oleic acid 

(137) 


M BAg 

^14. T* 

0.25 

104.7 


B «• CitHiiOi, Elaidio acid 

(137) 

0.25 I 102.7 


B 


Ci»Hs«Os, Menthyl cin- 
namate (3®) 


Wt. % B 

PU 

1.20 

124.4 

6.08 

111.6 

18.48 

82.5 

B * Ci»HmO 

t, Menthyl /S- 

phenylpropionate (3®) 

5.88 

114.6 

9.38 

108.6 

B ■> CxoHmOx, Ethyl elaidate 

(1*7) 

M BAg 

^S4.>* 

0.26 

109.3 


B « CboHmOi, Ethyl oleate 

(137) 

0.26 I 108.0 

B CiiHuO, Dioinnamyl- 
ideneacetone (*1) 


Wt. %B 

PU 

0.89 

124.4 

0.01 

123.9 


B 


CgHio 

o-Xylene 


M % B 

Pit 

pu 

0.0 

105.2 

229.1 

27.1 

112.1 

237.1 

73.1 

121.5 

260.2 

100.0 

126.8 

255.2 



FLUIDITY— NON-AQL'EOUS SOLUTIONS: A - CtHu^'O C, 4 H,, 


51 


B - CJSio, p-Xylene (78) 


M % B 



0.0 


229.2 

18 5 


234.6 

68.1 

118.7 

249.0 

100 0 

125 5 

257.1 


CgMio 

m-Xylene 


B =» CtHio, p-Xylene (78) 


0 0 

126.7 

255.2 

24.6 

125.2 

258.2 

70.8 

125.1 

257.8 

100 0 

125.6 

257.1 


B B CsHiiN, Dimethyl- 
aniline (78) 


M % A 

^ 1 * 

^«4 

0 0 

63.5 

165 9 

28 7 

78.3 

185.7 

73.4 

105.9 

229.7 

100.0 

126.7 

255.2 


CyHioO 

Phenetole 

B * CixHioO, Phenyl ether 


( 73 ) 


M % B 


0.00 

86.36 

9.94 

76.40 

18.73 

68.92 

29 63 

61.27 

39.98 

53.70 

48.95 

47.71 

62.69 

40.73 

67.47 

38 03 

79.28 

33.30 

86.33 

30.63 

100.00 

25.88 


B » CioHsoO. — {Continued) 


















B » CiiHuOs, Diethyl di- 
acetyltartrate ('**) 


Wt. % B 
0 00 
31.74 
52.89 
69.49 
82.34 
91 9 
100.00 

^It.S 

137.6 

72.78 

63.82 

47.26 

27.84 

25.57 

18.17 

179.2 

99.1 

89.4 

71 2 

43.2 

42.4 
32.0 

B CiqB 

CioHijO 

Anethole 

mO, Menthol (*3*) 

Wt. % B 


^74.e 

0.00 

77 7 

108.9 

9.90 

78.4 

111.0 

34.60 

68.4 

91.0 

53.01 , 

60 3 

101 1 

67 87 

46.97 

84.4 

84.85 

28.44 

55.2 

100.00 

15.91 

40.5 

wt. % B 

^ 91.2 

^.0 

0.00 

123.2 

163.4 

9.90 

125.2 

166.4 

34.60 

116.7 

151 5 

53 01 

111 0 

i 164.2 

67.87 

102 0 

148.2 

84.85 

69 83 

109 3 

100 00 

54.05 

96.1 


C 10 H 14 O 8 

Dimethyl diacctylracemate 
B — CioHuOt, Dimethyl di- 



C9HioOa 
Ethyl benzoate 
CiiHisOs, Benzyl bemo- 
ate (78) 


0.00 
10.37 
19.77 
30.94 
40.59 
49.46 
60.55 
70.27 
75.25 
84.61 
95.35 
100 00 


49.65 

42.17 

36 . 37 
30.78 
26.74 
23.22 
20.21 
17.56 

16.37 


14.50 

12.44 

11.74 


acetyltartrate (®) 


Wt. % B 

<p2i 

0 

16 52 

10 

16 76 

40 

16 17 

60 

16.17 

90 

16.76 

100 

16.12 


CiaEEioNa 

Azobenzene 

B *• CiaHiiN, Benzylidene- 
aniline ('•) 

• B — C 14 HH, Stilbene (^ 8 ) 
B = C| 4 Hi 4 , Dibenzyl 

Ci,HnN 



B - 
Wt. 


Naphthalene 

CioHtoO, Z-Menthol ( 182 ) 


% B 






0.00 

19.40 

36.87 

54.17 


137.6 
117.1 
126.8 

102.6 


179.2 

156.4 

170.0 

139.7 


Benzylideneaniline 
B » CijHijN, Benzylaniline 

(if) 

B ^ C 14 HH, Stilbene (I 8 ) 

C 14 H 13 

Stilbene 

B s» C| 4 H| 4 i Dibenzyl (l®) 


Three-Component Systems 


CH 3 NO 


B » C.H 7 N; C * CzH 



Formamide 

1 

1 


{Continued) 

a 

B » C 2 H»Of Ethyl alcohoU 

M % B 

i •Pit 

1 y’lOO 

C « CiH 

iiIN, Tetramethylam- 


50 M % C 

A 

mouium iodide (®3) 

35.0 

153.4 

182 5 

wt. % B 

^11 

¥>U 

V’lk 

45.0 

204 9 

235 8 

in 




50.0 

226.2 

255 8 

(A +B) 


1 



75 M % C 




0 

333 3 

357.1 

25 ! 

29.51! 



2.5 

312 5 

352 1 

50 



63.29 

7.5 

251.3 

284 9 

75 ; 

56.79 


85.18 

10.0 

227 . 3 

264 6 




12.0 

216.9 

251.3 

25 

28.83 

37.72 


12.5 

212.8 

248 8 

50 


49.95 

61 31 

13.0 

222 2 

1 

! 257.1 

70 


67.84 


15.0 

234 2 

1 

268 1 




17.5 

246.9 

279.3 

25 

27.48 

36.19 

44.88 

20.0 

293.3 

330 0 

50 

37.51 

47.94 

58.58 





B 


Acetone 

C 4 H 10 O, Ethyl ether 


C 

= 

C«Hey Benzene 

1 ( 13 ) 

^10 

1 •f’20 

1 

Pto 



100 Wt. 

% c 


131 

.9 

1 154. 

7 1 

178.7 



100 wt. 

% B 


386 

.0 

1 426. 

5 1 

469.4 



100 wt. 

% A 


278 

.8 

1 309. 

6 1 

342 .3 

1.39 

Wt. % A; 

20.54 

Wt. 


B 

1 

; 30.07 Wt. % 

c 

252 

.8 

286. 

1 1 

318.0 


CJIJiS 

Allyl thiocyanate 
B = C 4 H 7 N, AniUne 
C = CtHa, Toluene ( 8 ®) 


M % B 


25 M % C 


V^lOO 


0 

296.7 

324.7 

7.5 

227.3 

251.9 

15.0 

149.2 

165.3 

22.5 

83 54 , 

96.15 

30.0 

43.25 ! 

1 

58 79 

37.5 

32.08 

44.95 

39.0 

34.17 

47.78 

52.5 

78.80 

99.6 

67.5 

137.7 

167.8 

75.0 

168.6 

50 M % C 

199.6 

1 


0 

6.0 

15.0 

20.0 

24.0 

25.0 

26.0 
30.0 


315.6 

274.0 

156.0 

114.7 

100.8 
94.7 

103.5 

124.8 


350.9 

304.9 

179.2 

140.4 

127.4 

120.3 

127.9 
152.0 


CeHg 

Benzene 

B = CftH7N, Aniline 
= CrHgO, m-Cresol (^®) 


B = 


C « 


Wt. %A 

0.00 
8.70 

17 60 

36.30 

56.10 

77.00 

8.75 

17.70 

36.50 
56.40 

77.50 

8.80 

17.90 

36.70 

56.50 
77.60 

8.90 

18 10 
46.90 

78.00 

9.10 

18.30 

47.50 
78.20 

0.00 


CrHsO, TTi-Cresol 
iiN, Dimethylaniline 

( 79 ) 

Wt. % B 

100 

90.50 
82.60 

74.80 

57.60 

39.80 
21.00 

81.40 

74.00 

66.90 

51.60 

35.40 

18.30 
71 .‘60 

65.30 
58 90 

45.30 

31.10 

16.00 

51.90 

47.50 

42.60 

27.60 

11.30 

26.50 

24.10 

21.60 
14.00 

5.80 
0.00 


29.1 

23.8 
12.55 

7.05 
2.87 
1 41 
0 856 

18.4 

9.8 
5 85 

2.50 
1.34 
0.86 

12.9 
7.61 
4.74 
2 24 
1.27 
0.83 

6.05 

4.08 
2.94 
1.34 
0.796 

2.51 
2.02 
1.68 

1.05 
0.76 
1 
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Complete Index 

Vapf)ri?5ation. 

Solution. 

Crystallization. 

Diffusion. 

In gases. 

In liquids. 

In solids. 
Permeability, 
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Index Complex 

Vaporisation. 

Dissolution. 

CristaUisation. 

Diffusion. 

Dans les gas. 
Dans les liquidee. 
Dans les solides. 

Permeability. 


Gebamt Index Verzeichnis 

Verdampfung. 

Losung. 

Kristallisation. 

Diffusion. 

In Gasen. 

In Ldeungen. 

In festen Stoffen. 

Permeabilit&t. 


Indicb Completo 



Pao* 

Vaporizzasione 

53 

Soluzione 

65 

Cristallizzazione 

60 

Diffusione. 


Nei gas 

... 62 

Nei liquid] 

63 

Nei solid] 

77 

Permeability 

76 
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VELOCITY OF VAPORIZATION (AND GAS EVOLUTION) AND OF CONDENSATION (AND 

GAS ABSORPTION) 

A. C. Egerton 


Contents MATifeRES 

Velocity in vacuo, Vitesse dans le vide. 

Evaporation. Evaporation. 

General formula. Formule g4n4rale. 

From hot filaments. A partir de filaments 

chauds. 

Through an aperture. A travers un orifice. 

From small drops, A partir de pctites gouttes. 

Accommodation coeffi- Coefficient d’accommode- 

cients. ment. 

Condensation. Condensation. 

Temperatures of irreversi- Temperatures de conden- 

ble condensations. sations irreversibles. 

Velocity in still air and other Vitesse dans Tair calme et dans 
gases. d’autres gaz. 

Theoretical equations, fequations theoriques. 

From small drops. A partir de petites gouttes. 

Pt metals in air. Metaux du groupe du Pt 

dans I’air. 

Velocity of vaporization in a Vitesse de vaporisation dans un 
current of gas. courant gazeux. 


Inh.\lT8verzeichnib Indice Paqb 

Geschwindigkeit ira Vakuum. Vclocili\ nol vuoto. 
Verdampfung. Evaporazione. 

Allgemeine Gleichung. Formula gonerale 53 

Heisse Faden. Du fUamenti culdi 53 


Verdampfung durch einc Attruverso un'apertura 53 

Offnung. 


Kleine Tropfen. Da piccolo gooce 53 

Accomodationskoeffizient. Coeincionte di accomc- 

danienio 53 


Kondensation. Condensazione. 

Temperaturen irreversibler Temperature di conden- 

Kondensation. sazioni irreversibili . . 53 

Geschwindigkeit in ruhiger Luft Velocita in aria e altri gas 


und anderen Gasen. alio stato di quiete. 

Theorctische Gleichungen. Equazioni teoriche 54 

Kleine Tropfen. Da piccole gocce 54 

Platin-Metalle in Luft. Metalli del gruppo del 

Pt in aria 54 

Verdampfungsgeschwindigkeit Velocity di cvaporazione in 
im Ga.sstrom. una corrcnte di gas 54 


EVAPORATION IN VACUO 

GENERAL FORMULA 

m * op {M l%rRT)^ ( 28 , 41); see further Vol. I, p. 91. 
m «* mass in grams vaporized per cm® per sec. 
p “ vapor pressure at T, 

M « gram-molecular weight. 

R ■* gas constant. 

a =* 1 — where v is the fr action of molecules reflected with- 
out condensation (‘VccommOiUiion coefficient'’). 

EVAPORATION FROM HOT FILAMENTS 

For more recent crit'. al compilation, v. (83.5) 

Substance | | Range, °K | Lit. 


Carbon* 14.19 -47O00/T j 

-1.26 log T 3 100-3 800 (>. 77 ) 

Molybdenum 17.11 - 38 fiOO/T 

-1.76 log r 2 000-2 400 (^ 6 ) 

Platinum 14.00 - 27 SOO/T 

-1.76 log T 1 680-2 OOo' (46) 

Tungstenf 9.42 - 46 450/T 2 000-3 000 (' 8 . »»» 

41, 83) 

Calciumt 10.978 - 10 350/r 770-970 (59) 


• See (• ) ; a variea with adtorption layer. 

t Zwlkker glvca logio m - U.92 - 48 400/7* - 0.368 logjo T - O.OOOieT; 
Langmuir gives logio m - 15.402 - 47 440/7* - 1.4 logio T (M. P. 3540®K); 
Fortythe in oloee agreement with Zwikker'o equation; Fonda's value at 2825«K 
lies between those of Langmuir and of Zwikker. For small crystals m is 30 % 
greater than for large (»•). In Ni. m Is 6 % of the value in vacuo; 3.0% in 

argon ( ). Rosenhain and Ewen (•*) found the following ratio of m for coarse 

and for fine crystals: Zn. 2.3: Ag, 1.2; Cu, 1.4. 

X Formula deduced from vapor pressure formula given by Pilling for a — 1 ; 

the measurements of p included allowance for value of a obtained by comparative 
measurements with Zn and Cd (**). 

- EVAPORATION THROUGH AN APERTURE 

If the diameter of the aperture Is > 0.1 of the mean free path, 

m is the same as from a free surface, a - 1. Measurements 

have been made by this method for Cd, Hg, K, Na, Pb, Zn and 
benzophenone (t3, 38, 62, 73), 

EVAPORATION OF SMALL DROPS (74, 78) 
Spherical drop (eee general formula for evaporation in vncuo). 


For a drop of mercury resting on plane, m — — 1.11 X p, 

where p is the density of mercxiry and is the rate of change 
of radius with time. 


ACCOMMODATION COEFFICIENTS 

Values of a for Saturated Vapor.s 


Substance a I f, ®C | Lit. 

HgTliquid) / . . ! 1 . 00 ± 0 . 01 60 to -30 ( 37 , 7 4 , 7 sj 

Hg (solid) 0.85 -64 ( 74 , 75 ) 

Cd (solid) 0.98 ± 0.2 (ca. 200) ( 4 , I 4 ) 

Th, Ta, W 1.0 (ca. 2000) (42) 

Benzophenone 0.2 to 0.5 (73) 


Values of a for Gases on Various Sot.ids (36, 43, 64) 


Gas ! Polis hed Pt* Pt black Wat Glass 

I °C i « i at 20 °C 1500'^K at O^C 


Ha 1 -190 i 0 42 i 0.71 0.19 0.26 

! 0 i 0.26 I 

COa ! 20 I 0.86 0.00 

Oa ' 20 : 0.83 0.95 

Ni 20 I 0.87 0.00 

He - 100 0.49 

+ 200 0.38 

A 30-260 0.85 

Ne 0.65 ’ / 


• 8oddy and Berry found same results for Pd ii» for Pt surface. 

CONDENSATION IN VACUO 
Observed Temperature Region for Irreversible 


Condensation 


Substance 

On glass,] 

1 °c j 

Lit. 

! 

Substance 

II 

1 t 

(, ®C 

1 

Lit. 

NH^Cl 

, < -183 1 

1 (39) 

Cd on paraffin . . . 

. .’-70 


Hg* 

, -140 to 

1 

' CM on mica 

-SO 

(9| 

\ 

-130 

(39, 81) 

' Ca on glass 

. . -90 ' 

(81 , 

Zn* 

- 183 tn 


\\ A’apor at 280®. . 

-no 

(16) 

Cd* 

1 — 7^ '■ 

,f39) 

Vapor at 365®. . 

. -50 

(16i 

Mg. . 

# O 
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Observed Temperature Region for Irreversible 

Condensation. — {C(yn^inuf 4 ^ 


Substance 

On glass, 

t, °C 

Lit. 

Substance 

On glass, 
f, °C 

Lit. 

Cu 

350 to 
575 

(39) 

Ag* 

It 

<575 

-60 

(39) 

(39) 


•C/. (11,44). 


Substance ('®); cf. (38, 44, 78) 

Vapor 
pressure, 
mm Hg 1 

1, °C 

Latent heat 
of adsorption, 
g-cal/g 

Cd on glass 

0.008 

0.03 

-107 

-86 

5200 

Cd on copper 

0.008 

0.03 

-111 

-83 

2940 

Cd on silver 

0.008 

0.03 

-86 

-66 

3540 

Hg on silver 

0 . 0083 
0.033 

-120 

-88 

2560 


Although vaporization occurs according to the cosine law 
(38, 81)^ and for Ag, Zn, SbiSj, and S (^®), condensation is directed 
in the case of Cd, Hg, Zn and Asbutnot Hgl| or S, v. 7i, 72, 
«). 


EVAPORATION IN STILL AIR AND OTHER GASES 

THEORETICAL EQUATIONS (««) 

For values of diffusion coefficients, v. p. 62. 

From fliuh circular area: 

V - 4rA log, 

P - P. 

when p. is small, V - Kpjp (Dalton (»»)]. V = rate ot evapo- 
ration (volume per unit time), p, = saturation pressure at surface 
of liquid, po = pressure of vapor in gas at distance from surface, 

p = total gas pressure, r = radius of circular area, A = diffusion 
coefficient 80 ), 

From elliptical area {a and b = axes of ellipse) approximate 
.formula* 


V « 4\/56A log, I (8«» so, 6S). 

p “ Pi 

From circular vessels (surface distant h below rim): 

V = 4(\/h* H- r* — A) Alog, («f 47, 68, 69, 70, 80 

P P9 

From vertical tube (distance from upper end of tube to surface 
liquid in the tube, greater than the diameter): 

r = log. E -„p«. 

* P “ Pi 

A = area of croas section of tube, h = distance from upi 
end to surface (^®f 79), * 

From epherical drop: 


or 


m 


V = 4,rA log. (65) 

P - Pi ^ ' 

(65) small values — ) 


= mass evaporated per unit time; M = mol. wt.: r = m< 
of sphere, v. (»6> »*). 

The references refer to experimental work on the subject; 
romuilae hold only under ideal conditions. The essential coi 
*ions arc ndcc,uacy of rate of supply of heat to maintain t 
|HT..ture of the surface (65) and absence of disturbance of 
atmosphere in the neighborhood of the evaporating liquid (SO, i 


EVAPORATION OF SMALL DROPS 
I. in air: dm/dt = 1.83 X ICTT (r radius of drop; m 




Hg in air: dr/df = 1.4 X 10"*®, cm/sec for drops 10“® to 10“* 
era radius. (Evaporation of small drops is checked by oxidation 
of droplet, v. (®*)J. 

H»0: Evaporation of small drops less than 10"® cm radius 
checked by absorption of gases other than hydrogen (2®), 

Change in Radius with Time 


Minutes | Air | H», 70%; Air, 30% 


1 

5 

0. 89 X 10"^ cm 

0.99 X 10~® cm 

20 

0.86 X 10“* cm 


45 

0.86 X 10"* cm 



PLATINUM METALS IN AIR 

Loss in weight, g/cm*/sec in air at atmospheric pressure (2) 


1 

1 

i 

Pt 

Pt + 1 % 

Ir 

Pt -i- 2.5% 
Ir 

Pt +8% 

Rh 

900 

0 

0 

0 

0 

1000 

2.2 X 10"* 

8.3 X 10"* 

1.6 X 10-* 

1.9 X 10-^ 

1200 

2.2 X 10"® 

3.3 X 10-* 

7.0 X 

1.6 X 10-*® 


Crookes (i®) found the following percentage loss of total weight 
at 1300°C in air but did not mention extent of surface: 8 hr, Ru, 
25 %: 22 hr, Ir, 7.3 %; 30 hr, Pd, 0.745 %; Pt, 0.246%; Rh, 0.131 %. 
(In case of Ru and Ir oxidation occurred. Ir in vacuo at 1300®C 
lost 0.069% in 30 hr.) 

EVAPORATION IN A CURRENT OF GAS 

In steady horizontal wind (velocity W): 

V ~ fcvTv and V = * 

k and a, constants (circular area of radius r, areas 250 m* to 
10 cm* or in gentle draughts 25 m* to 1 cm*) (2*1 ®*)*. For very 
large areas, see especially (**). 

Numerous meteorological formulae connect evaporation with 

temperature, hygrometric and wind conditions (see annotated 
bibliography (^®). 

General form: dE/dt = A(p, - p^) -f- B(p, - p 4 )W (Dalton- 
Weilermann), 

E, fall of level due to evaporation in time, t; p„ saturation .pres- 
sure at temperature of surface; p^, saturation pressure at dew 
point; W, wind velocity; A and B, constants, v. also (*2). 

Typical formula: = 0.426 (p, - pf) (14-0.8061^) (Fitz- 

Gerald); W measured in km/hr (up to 20 km/hr), p in mm. See 
especially (®f >7, 6i, 67)^ 

Similar formulae are used for chemical engineering purposes; 
e.g., evaporation from pans in still air: M » 0.02 (p. - p^)* * 
( 2 »). 

Evaporation from pans in air current: 

Af = (0.031 + 0.0135TF)(p, - p^)^ 

M kg m”*hr~'; W — air velocity m/sec from 0.6 to 4 m/sec; 
Po = 760 mm and pi =» barometric pressure; range 20 — 70®C 

(28.8, 29, 31). 

Notes 

Rate of evaporation of water approximately proportional to 
vapor pressure up to (B. P. - 16°) (3). 

At 60°C evaporation of water in a current of air (W 2.5 

m/sec) is 2.8 times as rapid as in still air, and for IT « 6 m/sec, 
3.8 times (3). 

Number of gram-molecules of a liquid evaporated per unit 
time and unit surface is proportional to vapor pressure, v. (*•» 20 ); 
for evaporation of toluene, nitrobenzene, m-xylene, and chloro- 
benzene in wind tunnel, v. also («9). 

Evaporation from large areas (lakes, etc.) about two-third." 
evaporation from small pans. 

Evaporation of sea water approximately 6% less than fresh 
water. 

Evaporation of ocean approximately 820 ram per annum (3®» *2)- 
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Vapob Pressure by STREAiaNo Method 

D. const. 



where TF is velocity of gas stream and p is partial pressure of vapor 
in gas. 

Dependence of velocity of vaporisation on pressure, tempera- 
ture and nature of gas 32), For measurements on Ag, Tl, 
Pb and Sn, v. (^®). 
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THE VELOCITY OF DISSOLVING OF CRYSTALS IN LIQUIDS 


R. G. Van Na 


The velocity constant K has usually the value given by equation 
1 or II. As recorded in the tables it has the dimensions [cm 
min~^] and is independent of the unit of concentration. In cases 
where it has been necessary to give the constant in the author's 
or arbitrary units, it is designated by K^. 

For the case of simple solution in a solvent (reversible) 



V dC 
5(C. - C) df 



c. - c, 

C. - Ct 



in which v * volume in cm*, t = ^ime in min, S = surface of con- 
tact in cm*, C » concentration at time f, C, « concentration at 
saturation, and In « log*. 

For the case of solution by interaction with a dissolved reagent 



V dC _ jy . Co 

SC df “ Si C 


(II) 


in which Co and C are the concentrations of the reagent at time 
zero and time (, respectively; other symbols as in I. 

Since K depends upon the intensity of the stirring and upon the 
form and dimensions of the apparatus, a quantitative comparison 
of the results of different investigators is usually impossible. 

The vetocities of , dissolving of metals in acids are subject to 
various disturbing effects, such as passivity, period of induction, 
large influence of physical state and of traces of certain impurities, 
evolution of gas, etc., and are often not expressible by definite 
velocity constants. The results obtained are frequently too 
complicated and difficultly reproducible to justify their inclusion 
in the following tables. In the case of magnesium, however, the 
disturbing effects seem to be of minor importance. 



La constante de vitesse K a ordinairement la valeur donn^ par 
r^quation I ou II. Dans les tables elle a la dimeninon (cm inin~‘] 
et elle est ind^pendante de Tunit^ de concentration. Dans les cas 
ofi il a 4t4 n^essaire de donner la constante dans las imit6i arbi- 
traires de Tauteur, elle est d^ign6e par K^ih- 

Pour le cas d'une simple dissolution dans un aolvant (reversible) 



V dC V 

S (C. - C) df ” S{tt - h) 



C. -Ct 

c. -c. 



off t) » volume en cm*, t » temps en min, S » surface de contact 
en cm*, C = concentration au temps f, C« » concentration & la 
saturation et In — log«. 

Pour le cas d'une dissolution par reaction avec un r^actif dissout 


V dC 
SC dt 




off Co et C sent rcspectivement les concentrations du r^actif au 
temps z4ro et au temps f; pour les autre symboles comme en I. 

Comme K depend de l'intensit4 de I’agitation et de la forme et 
des dimensions de Tappareil, une comparaison quantitative des 
r^sultats obtenus par diff^rents exp^rimentateurs est ordinairement 
impossible. 

Les vitesses de dissolution des m^taux dans les addes sont 
sujets des effets perturbateura vari6s, tels que: la passivity, la 
p^riode d’induction, la grande influence de T^tat physique etdee 
traces de cert hies impure!^, revolution du gaz, etc., et de la 
sorte ne peuvent souvent pas 6tre exprimees par des constantes de 
vitesse definies. Lea resultats obtenus sont frequemment trop 
compliques et difficilement reproductibles pour justifier leur 
publication dans les tables suivantes. Cependant, dans le cas du 
magnesium, les effets parasites paraissent etre d’importance 
moindre. , 
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Dio GoschwindigkeitakonBtante K hat gewohnlich den nach 
Gicichung I oder II sich ergebenden Wert und wie aus den Tabellen 
folgt, besitzt sie die Dimension (cm min'*] und ist von der Einheit 
der Konzentration unabhangig. In Fallen wo es notig war die 
Konstante in den vom Autor gegebenen, oder in sonst willkUr- 
lichen, Einheiten anrufUhren, wird sie mit /C,rb. bezeichnet. 

FUr den Fall der einfachen reversiblen Ldsung in einem Ldsung^ 
mittel gilt 


K « 


V 


dC 


V 


In 


C. - Cl 


(I) 


Sattigungskon- 


5(C. - C) dt S{U - 1.) C. - C, 

V 

wo w == Volumen in cm*, / = Zeit in Minuten, S =» Kontaktober- 
fi&che in cm*, C = Konzentration zur Zeit /, C, 
zentration und In - log.. 

Ftir den Fall der Wechselwirkung mit einem geldsten Stoff, hat 

man 

V dC 


K = 


~ L 1 ^ 

SC de Si C 


(II) 


Es bedeutet, Co und C die Konzentration des reagierenden Be- 
standteiles zur Zeit Null bezw. zur Zeit i. Die anderen Zeichen 
Bind die gleichen wie bei I. 

Da K von der RUhrgeschwindigkeit, der Form und der Dimen- 
eicn des verwendeten Apparates abhangt, ist ein quantitativer 

Vergleich der Ergebnisse der verschiedenen Beobachter meist 
nicht mdglich. 

« 

Die Losungsgeschwindigkeit der Metalle in Siiuren unterliegt 
den verschiedenen storenden Einfliissen, wie Passivitat und 
Induktionsdauer. Bedeutend ist der Einduss des physikalischen 
Zustandes der Probe, der Spuren von Verunreinigungen, der 
Gasentwickelung, u.s.w. Dies alles ist nicht durch eine bestimmte 
Geschwindigkeitekonstante ausdrftckbar. Die Ergebnisse sind 
hftu&g su k-' mpliziert und zu schwer reproduzierbar um in diese 
Tafeln aufgenommen zu werden. Beim Magnesium scheinen 
sich jedoch die stdrenden Einflllsse weniger bemerkbar zu machen. 


Generalmente il valore della costante di velocit^i K ^ quello 
dedotto dalle equazioni I o II. Quests velocity, come d indicate 
nelle tabelle, ha le dimension! di (cm min“*] ed ^ indipendente da lla 
unit^L di concentrazione. Nei casi in cui si 6 dovuto dare la oos- 
tante in unitil arbitrarie, quelle adoperate dagli autori, essa d 
stata indicata con K^th* 

Nel caso che si tratti di semplice dissoluzione in un eolvente 
(riversibile) 



t* ,■ - Cl 

S{tt - il) c. - c, 



nella quale v == volume in cm*, t * tempo in minuti, S « super- 
ficie di contatto in cm*, C = concentrazione al tempo t, C, * 
concentrazione al punto di saturazione e In = log,. 

Nel caso di dissoluzione con reazione con una sostanza disciolta 
si ha: 


SC dt 




nella quale C© © C rappresentano le concentrazioni della sostanza 
reagente al tempo 0 ed al tempo /, mentre gli altri simboli hanno 
lo stesso significato che nella I. 

Poichd K dipende dalla intensity della agitazione, dalla forma 
e dalle dimensioni dell'apparecchip, ^ impossibile confrontare 
quantitativamente i risultati dei van sperimentatori. 

Le velocity, di dissoluzione dei metalli negli acidi risentono molto 
della azione di varie cause perturbatrici, come ad esempio: paesi- 
vitil, periodo di induzione, stato fisico, presenza di tracce di 
certe impurezze, svolgiroento di gas, ecc., e percid spesso non sono 
esprimibili con valori ben definiti delle costanti. Spesso i risul- 
tatiottenuti sono troppo complessi e difiicili a riprodursi per poter 
essere compresi nelle tabelle che seguono. Nel caso del magnesio 
tuttavia sembra che le cause perturbatrici non abbiano molta 
importanza. 



VELOCITY CONSTANTS 
1. Salts in Water 

Rotary stirring, 400 rp.m.; exposed surface horizontal, below 


Salt 


KI 

KBr 

KCl 

NaCI 

Tia... 

TlBr 

Pba, 

PbBr, 

Baatf.2H|0 

K,804 

K4Fe(CN)..3H,0 

FeS04.7H,0 

NiS04.7H,0 

C08O4.7H.O 

Zn804.7H,0. . . . 
MgS04.7H,a. . . 
CUSO4.6H/).... 
Cd804.*H/). . . . 
CaS04.2Hi0 


stirrer; 25®C (30) 

^g/100 

g H,0 


146.45 

67.76 

36.32 

35.92 

0.385 

0.067 

1.08 

0.974 

36.9 

12.04 

32.0 

29.7 
39.6 

37.8 
6r.9 
38.3 
22.29 

77.0 


0.210 

! - mhydroqt -It. J | to clearM* 

t Mit oMd. I Sdesltc, | to foee ( 0 X 0 ). 



0.186 

0.171 

0.147 

0.105 

0 204t 

0.144t 

o.oeot 

0.078t 

0.096 

0.102 

0.048t 

0.048 

0.033 

0.036 

0.030 

0.030 

0.039 

0.021 

0.0211 


2. Salts in Water 


Salt 

g/100 
g soln. 

4.8‘*C 

c., 

g/100 
g soln. 1 

30. rc 

K,804 

7.82 

0.027 

11.43 

0.071 

Naao, 

45.47 

0.043 

51.22 

0,083 

KfCriOr 

6.62 

0.026 

16.17 

0.06^ 


3. Metai^s in Dissolved Iodine (and Brouine) 

Disk of metal 40 mm diameter, 0.6 mm thick, supported 
vertically, whole surface exposed. Rotary stirring, 240 r.p.m.; 
S » 2.60 cm*, but velocity per unit area not accurately calculable 
on account of difference in stirring on the two sides of the disk. 
Aqueous solution of I, (resp. Br,) in KI (reap. KBr): 25 ± 0.1®C 

(17)‘ 



• TbeM »nd further reeuJu in original aaem to ebow that tbeae flra metnU 

dlMoWe in Ii + KI with the uma velocity, espraaead Id aqulvalaDta of metal 
diaaolvlDc. 
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4 . Mktai^ in Dissolved Iodine 
Method fts above: Disk 38.3 mm X 0.6 mm. S — 2.36 cm*; 
velocity per unit area not accurately calculable, (cf. 3); 25 ± 0.1 

(26).* 0.5 mole KI and 0.02 mole HjSOi per 1. 

^ - 


Metal Cd Fe Ni 


K X Sy cm*/min. 


Cd in acid solutions of iodides 


H,S04, mole/1 | 0 | 0.02 


Iodide, mole/1 | 0.5 


Co 






0 25 


Iodide 1 HI i Lil I Nal KI || MgIi!CaI,[BaIjl Cdl, 


t[B, 

56 


K X S, cmVmin 6.45|6.41|6.56|6,86!| 6.25 6 23|6 45| 6.82 


* The resulU show that K is independent of the metal but varies to a marked 
extent with the nature of the other cation present. 

6. Metals in Aqueous Ferric Sulfate, Ferric Chloride and 

Cblromio Acid 

Values oi K X Sy cm*/min; method and dimensions of disk as in 

4 (2*) 

Ferric sulfate (ferric alum)^ 24.6 ± 0.1®C 


.76 

.74 

.71 

.72 

.71 

.24 


HCl, mole/1 


0.1 


0 5 


Cd 1 4.19 


Fe. 

Cu 


Chromic acid* (added 


H9SO4, mole/1 


Cd 

Ni. 

8n. 

Cu 


4.14 
3 44 


CrO,). 25 ± O.rC 


0.25 I 1.25 


7.02 I 6.32 
irregular 


6.95 


5.34 


Ag 4.28 


5.0 


2.67 
2.67 
2.74 
2 72 
1 22 


* Veloeitiea for different metals tend to become the same with increasiDg 
HtSOi eonen., probably because it increases the viscosity and thus retards 
diffusion. 

6. Metals in Aqueous Ferric Sulfate (®) 

18 ± 0.1**C; no stirring; dissolving surface vertical; S = 22.5 cm* 


Metal Cu Fe Cd Sn 

K, cm/min 0.0142 0.0138 0.0144 0 013? 


The agreement between the different metals in spite of the low 
acidity {see 6) is probably due to the slowness of diffusion in the 
unstirred solutions. 

7. Copper in Aqueous Ferric Chloride and Cupric Chloride 

All solutions contained NH4CI, 3.7 to 4.7 mole/1. Variations 
m concentration of NH4CI were without effect on K when over 2.5 
mole/1 were present. Rotary stirring, 1500 r.p.m.; dissolving 
surface horigontal; iS - 34 to 36.3 cm*; 25®C (*). 


Salt 


No. of Initio concentration, 


I exps, 

FeCli alone 3 

CuClt alone 2 

FeQ, + CuCl, 


mole /I 


(0.186) (0.191) (0.290) 
(0.166) (0.195) 

I Various 

Mean of the 9 exps. 


Mean, 

K. 

cm/min 


.205 
.205 
0 204 


0.2044 





8. Magnesium and Zinc in Aqueous Acids 
Rotary stirring, 300 r.p.m.; value of in doubt, but apparently 
0.22 cm* in all experiments; 25°C, Ka = Ionization constant (**). 

Solution, initial concn. in mole /I ^ 

’ cm*/min* 


Mg 


HCl, 0.1 1 12 

HCl, 0.1 + MgCl,, 0.0671 1.25 

HCl, 0.1 + MgCU, 0.1341 1.31 

HAc (Acetic acid), 0.1 0.405 

HAc, 0.1 + Mg(Ac),, 0.1 0.366 

HAc, 0.1 -f Mg(Ac),, 0.2 0.326 

HAc, 0.1 + MgSOi, 0.2 0.416 

HAc, 0.1 + Na2S04, 0.2 0.454 

HAc, 0.1 + NaAc, 0.2 0.441 

H1SO4, 0.05 1.15 

HSOi, 0.05 + KCl, 0.1341 1.'43 

H,S04, 0.05 + KBr, 0.1341 1.64 

H,S04, G.05 -f KI, 0. 1341 1.48 

HCl, 0.02 1.27 

2,5-Dihydroxybenzoic acid 0.774 108 X 10~® 

2,4-Dihydroxybenzoic acid 0.518 52 X 10”® 

Tricarballylic acid, 0.02 0.493 22 X 10“® 

Acetic acid (HAc), 0.02 0.449 1.8 X 10 ■® 



HCl, 0.1 0. 133 After period of 

induction 


* The value of /C ie here not wholly independent of the acid concentration, 
but for any given acid tends to be larger the higher the dMution. 

9. Metals in Aqueous Hydroohlorio Acid 
After period of induction or adequate pretreatment with acid, 
(a) A plate of the metal with one surface expiosed, attached eccen* 
trically to stirrer stem, acts as blade of stirrer. Radius of path 
not given; 100 r.p.m.; 25®C. (6) Same apparatus and temp. 

Stirrer stationary. 


Solution, initial cone, in mole/1 


(o) 



Metal 


A1 


( 5 ) 


Znt 

MgJ 


Mg§ 


HQ 


0.5 

1.0 

1.5 

2.0 

3.0 
4 0 
I'.O 

2.0 
1.0 
2.0 
0.125 


0.0625 

0.125 

0.25 


Salt 


Ut. 


AlCl,, 0.33 
AICI4, 1.0 
KCl, 1.0 



K, 

cm/min 


0.0025 (») 

0.0037 
0.026 
0.057 
0.088 
0 123 
0 044 
0.064 
0.0078 
0.10 I 
0 41 


.20 

.27 

.32 


(«) 


* Cut from rolled bar. t Kablbaum. t Sheet metal. Kahlbaum. ( A differ- 
ent sample of Mg from the above, not rolled. 

10. PbS, ZnS and Related Minerals in Dilute Sulfuric Acid 
Material, screened fragments of uniform size. No stirring. 
Velocities were proportional to concentration of acid between 
0.0125 and 1.25% HsS04. The relative values of the velocity 
constant tabulated below were the same at all temperatures 
between 0 and 50® (i®> 


Mineral Locality 


Galena (PbS, about 98%) Clausthal 1.00 

Sphalerite (ZnS, about *99%) Spain 3.2 

Sphalerite (Pb, 11.4%; Fe, 3.6%) Clausthal 0.3 
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10. — (Continued) 


Mineral 


Sphalerite (Pb, 14.9%; Fe, 3.5%; SiO,; 

11 %) 

Christophite (ferrifergus ZnS; Fe, 16%; 
SiO,, 19%) 


Locality 


Bcnsberg 


Breitenbrunn 



11 1 


14.0 


11. Mineral Carbonates in Acids 

Material, except in coses of malachite and marble, large crystals. 

Single exposed surface vertical. Stirring by gas evolved only 
IS^^C 20). 

M ineral I Acid \~K^ 


Iceland spar (CaCOi) 


Aragonite (CaCO*) . . 
Dolomite 

(CaCOi.MgCO,)..-. 

Witherite (BaCOi). . . 
Smithsonite (ZnCOi). 
Cerusaite (PbCOj) . . 
Azurite 

l2CuCO..Cu(OH),l. 

Malachite 

[Cu CO, .Cu (OH ),]... 

Marble (CaCO,) 


HCI, HNO.orHI 


HCl or HNOj 

• 

HCl or HNO, 
HCl or HNO, 
HCl or HNO, 
HNO, 

HCl or HNO, 

HCl or HNO, 
HCl or HNO 


1.00 


0.48 

0 025 

1 28 
0.087 
0.76 

0.33 

0.23 

17 


Remarks 

Cleavage 
Velocity 
HBr ca. 
higher 
I Face (010) 


face. 

with 

40% 


Face not specified 
Face not specified 
Face not specified 
Face (010) 

Face not specified 

Massive 

Massive 


K 


12. Copper in Aqueous Ammoma 

Reaction autocatalytic, accelerated hv rJioo 
p dC p 

In 


C% a . , . . ^ 

« = /f. = (4: 


concen- 


S(C +a) dt - 5^, -<,) 

Intion of dissolved coDDer, « — 

initial velocity. For a given concentration of dissolved "o^xygen 
0 and a are constants, ff. is approximately proportional to the 
square r^t of the oxypn concentration; K U practically independ- 
ent of It. The validity of this equation ends abruptly with the 
fomation of an onde coating on the metal, due to accumulaUon of 
OH mns produced by the reaction. This stage is deferred by a 
higher concentration of ammonia, and also by ammonium salts 
Mean yalura of K for various constant concentrations of 

i.D X 1.3 cm describe m liquid a circular path 2 cm in radius 1120 
r.p.m.; » 7.6 to 8.6 cm«; 24.8°C (32) . 

13 ® X 10 “< ^ i - - '^,0020 



(NHOtSO,, 0.01 
(NH4),S04, 0.05 
(NH4),S04, 0.1 
NH 4 NO,, 0.1 
NH4a, 0.1 


0.640 
0.703 
0.653 
0.710 
0.680 
0.671 
0.681 
0.691 

Mean 0.679 


. 1 u.o/u 

13. SinviiR IN Aquboos Potassium Ctanidb 
For constant concentration of dissolved oxygen K - 'Jj[m(C, - 

^ *"**• “ which C - conen. of KCN, C, 

20 * a constant »- 


initial conen., 


0.4343 {kj - velocity constant of the diffu- 


sion of cyanide. = velocity constant of the chemical reaction 
at interface). The validity of this equation is ultimately disturbed 
by OH~ ions produced by the reaction itself, and the sooner the 
smaller the value of Co. 

Mian values of K and m for varioiLS initial concentrations of 
KCN for solutions kept saturated with air.* Stirring like last; 
600 r.p.m.; two silver plates 1.5 X 1.2 cm; S = 7.3 to 8.7 cm*' 

25*C(33). 


Co, 

mole/1 1 

m 

K, 

# 

cm/min 

Co, 

mole /I 

m 

K. 

cm/min 

0.1480 

135 

0.226 

0.0042 , 

140 

0.231 

0.0632 

140 

0.230 

0.0022 

150 

0.217 

0.0316 

145 

0.231 

0 0011 

150 

0.209 

0.0158 

155 

0.222 


1 

1 

0.0079 

140 

0.225 


Mean 144.4 

0.224 


• In solutiona saturated with pure oxygen the velocity of diaaolving, 

di 

waa 2.5 timea larger, indicating approximate proportionality with fO,jK K wm 
also increased but in a somewhat smaJler ratio. 

14. ZiNO IN HCl Dissolved in Alcohols and in Aoetonb 
A thin rod of zinc mechanically raised and lowered in liquid 72 
times per minute. S = 2.78 cm*; organic solvents anhydrous, and 
contained initially 0.5 mole/l of HCl ; presence of a small amount of 
HiO in CHaOH, C,H,OH and(CH,),CQ lowered velocity; 20*C (3^). 


HCl in 

1 Methyl alc.| Ethyl ale. 

Amyl ale. Acetone 

H,0 

Kf cm/min 

1 0.37 0 17 1 

<0.01 0.42 

0.14 


AUMFltKATUKK COEFFICIENTS 

M designates mechanical stirring; G, stirring by gas evolved by 

reaction; O, no stirring 


Reaction and stirring 


the Benzoic acid in H,0, 


Comparable velocities 
at two temperatures 


Ki + io* 


K 


t 


Lit. 


M 


Cd in I, + KI, 


M 



K,S 04 in H,0, 
KaCriOr in H,0, 
NaClO, in H,0, 



(1.587)i., 
(2. 851), 7 -, 

(4.524),, 
(5.756)4 0 

(3 72)o 
(5.87),, 

(7.62)„ 
(9.55)„ 
(11.81)4, 
(14 26)„ 


(2. 851), 7 .* 
(4.624),, 
(5.756)40 
(9.946)40 


(5. 87) I, 

(7.62)„ 

(9.55),, 

(11.81)4, 

(14.26),, 

1(16.93)44 


Benzoic acid in H,0, M 
Mg(OH), in benzoic acid,M 
Mg(OH), in HCl, M 

Cu in Fea, or CuCl,, M 


Cu in Fej(S 04 ),, 
Fe in Fe,(S 04 )^ 
Cd in Fe,(S 04 ),, 

So in Fe,(S 04 ),, 


O 


O 


O 


O 


(0.027)4., 
(0.071)«).i 
(0.026)4.4 
(0.043)4., 
(0183)„ ., 

(2.30)» 
(1-55)« 
(8.1)*, 


(0.071)«.i 

(0.166).,., 

(0.073),,., 

1(0.083)*,., 

1(0.261)44,7 


(3 . 35) m 

(2.36) „ 

( 12 . 2 )*, 


(0.1508),, (0.2044),, 


Cu in KjCrtOT + HaSO., M 


Cu in NH 40 H(air- 8 atd.), M 


(0.031)o 
(0.045),, 
(0 054) „ 
(0.055),, 
(0.037)o 
(0.048),, 
(0.062),, 
(0 . 030)o 

(0.050),, 


(8.15),, 

(10.38),, 


(2.094),,., 

(2.263),.., 


(0.045),, 

(0.054),, 

(0.070),, 

(0.074),, 

!(0.048),i 

(0.062)m 

(0.076),, 

(0.050)i, 

(0-062),, 

(10.38),, 

(13.03)4, 

(2.263),.,, 

(2.688)m., 


I . 443 I <3I) 
1.40s 
1.307 
1.314 


1.356| (*») 
1.29s 
1.268 
1.237 
1.207 
1.187 


1.47 

1.26 

1.40 

1.30 

1.46 


0*) 


1.5 

1.6 

1 5 


(^) 


1.36 


(•) 


1.40 
1.30 
1.45 
1.63 
1.27 
1.44 
1.34 
1.33 
1.36 

1.27*1 (*•) 
1.26 

(»*) 
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TEMPERATURE COEFFICIENTS.— 


Reaction and stirring 


Sodium Chloride. 


Ag in KCN(air-satd.), 



Comparable velocities 
at two temperatures 

^ r + 10 

(2 51)u 

1(2.82)25 

1 13 

(2.82)25 

j(3 26)35 

1 16 

(3 26)35 

(3,S4)4i 

1 18 

(2054)o 

(3059)25 

1 17 + 

(3059) 15 

1(5564)511 

1.27 

(100)5., 

'(1.51)76 

1 2t 

1 .. — 


Lit. 




Fe in HCI, 


Fe in H,S04, 


Iceland spar in HCI, 


Witherite in HCI, 
Azurite in HCI, 
Dolomite in HCI, 
Smithaonite in HCI, 
Malachite in HCI, 


PbS, ZnS (minerals) in 
dilute HjSOi, O 


Cu in benzaldehyde dis- 
solved in toluene, 10% by 
Vol. 

O 


( 1 . 83 ) 2.3 

(n.5)2..7 

(20 2)4s 


(0.044)„ 

(0 095),s 

(0 251 ) 3 , 


( 0 . 122), 5 

(0.031)u 


(«) 


( 18 ) 


( 10 ) 


(0.095),, 

(0.251)3, 

(0,5G5)s5 


(0.400),, 

( 0 , 062)35 


( 21 ) 


( 20 ) 


(0.0024),, (0 0046)30 

(0.0083), 6 (0 0142)35 

(0.022), 5 1(0.037)35 


Range 0 
temps.), 1 
constant 

to 80° (8 
coefficient 

1.54 

(52.8)40 1 

(72.2)50 

1 36 

(72.2)50 ! 

(106)«„ 

1 46 

(106)« 

(153)70 

1 44 

(153)70 

(220)80 

1 43 

(220)80 

(320)« 

1 45 

(320)m 

(455) 100 

1 42 


(15) 


Two other deterniinatioiis at different eon<-eiurutiuiis but sanie K'mperuture 
range gave 1.29 and 1.30, respectively 

t Practically the same value was obtained also in mechanically stirred solut'oiis. 

relative velocities for different crystal faces 

In the case of simple (reversible) solution in a solvent a differ- 
ence in the observed velocities of dissolving of two faces of the 
same crystal may be partly or wholly due to a difference in the 
solubilities (Cj) of the two faces, rather than in their velocity 
constants K. In some cases the evidence decidedly favors this 
explanation, notably when the velocities for the two faces differ 
appreciably only when the solution is nearly saturated. 

Sodium Chlohide in Water and in Various Solutions 
Dissolving face vertical. No stirring. 25°G (*♦). The 

table summarizes results for other faces compared with results 
or cu e. Owing to influence of convection currents, K for cube 
increased linearly with (C. - C). A face other than the cube 
^ “Afferent value of K and a different rate of increase if C. 

calculations, but complete agreement 
assuming C. for the second face to differ by the 

were appreciable only in 

tion was 90^ ^ saturated, and disappeared entiVely if satura- 

value withiiT*’ author concludes that K has the same 

l experiment for all faces of NaCl, and that A 

Various faces With 
in pure NaCi formamide, 

150 g/i^„ 

TetrahexahedronOIO).... .; .... ,; : ^ J 



Tetrahedron (320) 

Dodecahedron 

3'risoetahedron (221) . . 
Hexoctahedron (321). . 
Trapezohedron (211).,. 


Octahedron 


Urea 


(Conlinued) 


Various faces With 
in pure NaCI formamide, 
solutions A% 1.50 g/1, A% 


-0 18 
-0. 18 
±0 00 
-0. 18 
-0. 18 


in NaCl solutions containing 


Formamide 


KXO 


g/1 

1 1 

g/I 

1 A% 1 

0 

±0.04 

23 

±0 0 

50 

±0.00 

53 

±0 0 

96 

-0 10 

80 

-0.2 

130 

-0.12 

110 

-0.3 

180 

-0.17 

150 

-0 4 

230 

-0.34 

188 

-0.4 

280 

-0.42 


% 

i 


g 


40 

80 

120 

160 

200 



±0 0 
±0 0 
+ 0 . 1 
±0. I 
± 0.0 


Gypsum (CASO4.2H2O) in Water 

C, = 2.094 g/I (anhyd. salt). C at all times <0.16C,; rotary 
stirring; relative velocities for surfaces cut parallel to pinacoid 
(010), prism (110) and pyramid (111); 25° (23). 

Foio: Kiio: V ni = 1.00: 1.76: 1.88 
Wagner (30) find.s at 25® V'oio: U,,, = 1.00: 156. 


CDSO4.5H2O IN Water 

C, = 228.0 g/I (anhydrous salt) ; C at start = 0.9175C.; method 
like last; 24.9° (24)_ 

Uno:F,To = 1.00:1.27 

.Tartaric Acid and Salts in Water 

Relative velocities. Two unlike faces acted upon simultaneously. 
Exposed surfaces vertical; n o stirring; ca. 20° (>>) 

Tartaric acid in waterl (100) (101) (110)1(110) (101) (Oil) (001) 
g_= 875 g/l 1 00 1,29 1,49 1.55 1. 63 1.68 1.76 

('USO4.5H2O in water I (100) I (iTO) I (111) I (010) I (110) 

C = 168 g/1 (anhyd. salt) . 1 00 1 37 1 28 1 18 1.12 


K4Fe(CN)«.3H20 in water. (010) I (110) (Oil) 

C = 380 g/1 (anhyd. salt) I 00 1,79 1 go 


NaNOj in Water 

C = 485,5 g/1; no stirring; 25° (^ 3) 

Khombohedron I Rhombohedron I Base (0001) 

' ( 1210 ) 

10.7 ' 


asc 
V = 3.7 


Pinacoid (010) 
3 5 


Prism (110) Sphenoid (111) 
3.5 3.7mg/cm^min~^ 


Quartz in Hydrofluoric Acid 

■Sol. I:riF = 97.18 g/1; Sol. II:HF = 201,7 g/I; no stirring (13) 

|R'‘ombohedron (lOTl) 


(I) V - 7.2 1.15 1,17 0.97 mg/cm« dav-i 

iU)V= 18.76 4.37 4.41 3.7 d!v-. 

Iceland Spar in HCl 

Single ex^sed surface vertical. Stirring by gas evolved only 
15 (2 ). For surfaces cut, 1, parallel to principal a.xis* 2 


Base 

Prism 

Prism 

(0001) 

(1120) 

(lOTO) 

7.2 

1 15 

1.17 

18.76 

4.37 

4 41 


parallel 


r,: Vti Vi = 1.00: 1.05: 1.14 
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a.CHJLORODINlTROBENZENE IN EtHER (*) 

Prism (110) was compared with pinacoid (001). When the 
sanrre value of C, was used in the calculations for both faces the 
ratio K(no): K(oov, varied with the concentration, reaching 0.4 in 
nearly saturated solution but approaching unity at slightly lower 
concentration. The author concludes that iC(iio) = K(oqi) and 
that observed differences are due entirely to the fact that pri.sm face 
is less soluble than the pinacoid. 15.1° and 19.8°; mechanical 
stirring. 
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VELOCITY OF CRYSTALLIZATION 


H. C. Burger 


Contents MATifeREs 

Formation of crystal nuclei. Formation des noyaux cristallins. 

Crystal growth. Accroissement du cristal. 

FORBIATION OF CRYSTAL NUCLEI 

If extraneous influences are eliminated, the number, N, of nuclei 
which are formed at a given temperature should be proportional 
to the volume of the liquid and to the time. This number is a 
characteristic temperature function of the liquid. Transition 
in the crystal state from one form to another can occur spontane- 
ously in a similar manner. 

The measurements of the number of nuclei are however not very 
accurate, and the values given below represent, therefore, only 
order of magnitude. The first temperature given is the melting 
point. N is given in cm“* sec*"^ 


FORMATION DES NOYAUX CRISTALLINS 

Si Ton ^limine les influences ext^rieures, le nombre, N, de 
noyaux qui sont formas A une temperature donnee doit etre 
proportionnel au volume du liquide et au temps. Ce nombre eet 
pour un liquide une fonction caract^ristique de la temperature. 
La transition A I’etat cristallin d'une forme dans une autre peut se 
produire spontanement d’une maniere analogue. 

L^ mesures du nombre de* noyaux ne eont cependant pas tr^s 
precises et les valeurs donnees ci-dessoua ne representent par 
consequent que Tordre de grandeur. La premiere temperature 
donnee est le point de fusion. N est exprime en cm“* eec-‘. 


°C 

N... 


<, °C 
N... 


4, °C 

N.. 


Diopside (Zermatt) (^4) 


1310 ! 

1260 

1200 

0 ! 

60 

150 


1175 

180 


Melilite (Aln6, Sweden) (^♦) 



1130 

120 


1100 

300 


1080 

430 


1060 

500 


Spinel (Amity, N. Y.) (44) 


1 


1210 



1175 



180 



670 


1. *C 

1160 

1120 

/ 

1100 

1080 

N 1 

0 

70 

180 

250 


Inhaltsverzeiohnis Indicb Pag* 

Bildung von Kxistallkeime. FormazionedeigermicristaUini 60 

Kristallwachstum. Accrescimento dei cristalli. . . . 61 

BILDUNG VON KRISTALLKEIBCE 

Wenn fiussere Einfltisse eliminiert sind, sollte die Zahl, N, derbei 
gegebener Temperatur gebildeten Keime, dem Volum der FlUsaig- 
keit und der Zeit proportional sein. Diese Zahl ist eine fflr die 
Flilssigkeit charakteristische Temperaturfunktion, In Ahnlicher 
Weise kOnnen im kristallisierten Zustande spontan Uberg&nge von 
der einen Form in die andere etattfinden. 

Die Messungen der Keimzahl sind aber nicht sehr genau, und 
die folgenden Werte geben deshalb nur die GrOesenordnung an. 
N ist in cm“* sec”* gegeben. 


FORMAZIONE DEI GERMI CRISTALLINI 

Quando siano eliminate influenze esteme, il numero, N, di 
germi che si formano ad una data temperatura, deve essere pro- 
porzionale al volume di liquido ed al tempo, Questo numero d 
una funzione della temperatura caratteristica per il liquido. In 
maniera simile possono verificarsi traaformazioni (alio state solido) 
di una forma cristallina nell’altra. 

L« misure del numero di germi non sono perd molto esatte, ed i 
valori seguenti danno percid solo un’idea dell'ordine di grandeiza. 
La prima temperatura data 6 il punto di fuskme. N A date in 
cm"* sec"*. 
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f, °C 

1020 

1000 

975 

N 

0 

80 

130 


950 

160 


8, 4-Dinitrobromobenzene, 8, 4-(OiN)iC«H»Br. — N is the num- 
ber of nuclei of the stable form (M. P. — 69,5*) in the metastabl© 
crystal phase (M. P. => 34.8°) (48). 
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maximum at 15 ±6° and equals 0.7 to 2 (♦»). 

Piperine, Ci7Hi»NO]. — N is a maximum at 40 ± 5*and©qnal4 
0.2 to 10 (^»);c/. (M). 





















KINETICS OF CRYSTALLIZATION 


ij] 


CRYSTAL GROWTH 

The linear crystallisation velocity at the cr>*stal-liquid boundary 
is a function of its temperature (9» '*>) which, however, is seldom 
measured (*®» the temperature of the surrounding bath only, 
being known. The maximum linear crystallization velocity 
(K. G.) of the liquid or transition velocity (U. G.) of one cr^'sta! 
phase to another is a characteristic property of the substance, 
which, however, is very sensitive to impurities, so that the values 
recorded below may be 5-10% in error from this cause, in cases 
where another precision is not indicated. 

Maximum linear crystallization (K. G.) and transition (U. G.) 
velocities. The unit is millicentimeters (10“® cm) per sec; M. P. 
^ melting point, ®C; (s) = stable form; (m) = metastable form. 


ACCROISSEMENT DU CRISTAL 

La vitesse de cristallisation Un<5aire dans la zone cristal liquide 
est une fonction de sa temperature (®i qui est cependant 
rarement mesuree *3). Dans la plupart des cas on ne connait 
que la temperature du bain environnant. La vitesse inaxiimim de 
cristallisation lin^aire (K. G.) du liquide, ou la vitesse de tran- 
sition (U. G.) d'une phase cristalline en une autre, est une propri^te 
caract6ristique de la substance qui est cependant tres sensible aux 
irnpuretds. Les valeurs donnees ci-des.sous peuvent clone etre 
cntach^s d'une erreur de 5 ^ 10% lorsque la lirnitc de I'crreiir 
n’est pas exprim^^e. 

Vitesse maximum de cristallisation lin<5aire (K. G.) et vitesse 
de transition (U. G.). L’unit6 est le millicentiriiotrc {10“^ cm) par 
sec; M. P. = point de fusion, °C; (s) = forme stable; (mi = forme 
metastablc. 


KRISTALLWACHSTUM 

Die lineare Kristallisationsgcschwindigkcit an dor Grc ii/.c 
Kristall-Flussigkeit i-st cine Puiiktion doren Icinperatur lO). 
welche aber seltcn gemessen ist Moistens i't imr dn 

Temperatur dcs unigobendon Badcs bokannt. Di* maximaie 
lineare KristallisationsgoschwindiKkeit der Plu.s.^igkoit (K. G.) 
oder die UmwandlungsgoselnvindiKkeit (U. G.) dor cinen Kri.stall- 
phase in die anderc ist oinc charakteristischo Kigeiisehaft der 
Substanz, welche aber schr ompiindlieh gogen Verunn-idigtJiigeti 
ist. Deshalb konnen die unt<“n angegclxTien Werte mif eiii'-in 
Fehler von 5-10% hehaftot sein, wenn keine andore Fehkrgrcnze 
genannt wird. 

Maximale lincan* Kristallisationsge.schwindigkeit (K. G.) und 
Linwandlungsgesohwiiidigkeit (L. (i.). Die Kinheit ist 10 

cm pro sec; M. P. = Sclimclzpunkt, (-'’) = stabile Form; (m) 
= inctastal>ile Form. 

ACCRESCIMENTO DEI CRISTALLI 


La velocity lineare di cristallizzaziono in corrispornlonza della 
zona di contatto rristallo-Iicjuido e una funzium* <lella temj^oratura 
alia quale cssa si trova;questa teanperatura pero raramentc 
e stata misurata direttamonto (lo, 53), por Jo piii si conoscc 
soltanto la temperatura del bagno nel quale il sistenia in esaine o 
immerso. La velocitil lineare massima di cristallizzazioiie di im 
liquido (K. G.) o di trasfurrnazione (U. G.) di una fase cnstallina 
nell'altra ^ una proprieta caratteristica delle sostanze. Essa 
risente pero molto l influenza dclle iinpurezze, per inodo che i 
valori sotto rijK)rtati pos.sono cssere inesatti del 5-10%, quando 
non siano indicati altri limiti di errore. 

Velocita lineare massima di cristallizzazione (K. G.) e velocity 

» 

di traKfonnazione (U. G.). L'unit^ e 10~^ cm alsecondo; M. P. ~ 

purito di fusionc, ®C; («) = forma stabile, (m) — forma metastabile. 


Formula 

Name i 

H 1 PO 4 

Orthophoaphoric arid, M. P. 3»».C'’. 

Ca(\0»),.4HtO 

Calcium nitrate. 4-liydrQ(e 

Cd(\0i)i.4H7O 

Cadmium niirnte, l-hydrate 

N'aiSiOi.SHjO 

Sodium thiosulfate, o-hydratr («) 

Na*8t0i.5H*0 

Sodium thiosulfate, 5-hydrute (m) , 

Na*SjOj.oH jO 

m — » «, L*. C. - 

' 

Chloroacetic acid: 

(M. P.)i - 61.3*; (M. P.Hl - •'^6.2*; 

CiHiCIOi 

(M. P.) HI - 50.2° 

111 -* 11, 1. G. - 

n—I,L’.G.- 

III — I. U.G. - 

o, /9-Dibromopropiunic arid: 

CiHiBrjO* 1 

• . M. P. - 64°. K. G. - 

m, K. G. “ 

V 

V. G. — . 

C»H.N,0 

tthylurea, M. P. « 05° 

C,H»o04 

Erythritr»l (s) 

C4HiCI\,0* 

3, 4 -Dinitrocbloroben 2 ene, M. P. 50° 

C.H.X.Ot 

Picric acid 

C 4 H 4 F.NO 1 

m-Fluoronitroben*ene 

C^HiClXOj 

w-Chloronitrobenrene. . , . 

C^H.DrNOf 

m-Bromonitrobenzene 

C4H4l.\0| 

■ 

^•lodonitrobenifiir 

Resorcinol I, M. p. . 110°, K.G. - 

C.II.Oi 

Resorcinol II, M. p. « 108. K.G. - 

. 

1 

• 

O 

T 

C.HuXOj 

Ethyl ^-aminocrotonate ( 4 ). 

CrllrXO 

Formanilide. . 

r-H,Oa 

Guaiacol 

r.H«o* 

Phtbalide 

CdliuO* 

Hydrocinnaniic acid 

C.oHfX 

a-Xaphthylaniine 

C 10 H 11 XO 4 

I-Hydroxy-2(/>-nitrophenyl) -ethyl 


methyl ketone. 

Azobenzene. I. M p. . n^o. jj 

CiiHi.Xj 

M. P. - 128° 

I -11. U. G. - . 


K. C». or 1 

1 ci. ! 

I.ii 

Forn»ula 

Name 

K. G. or 
U. G. 

Lit. 

1.8±0.2 

(D 

CitHi.N 

1 

Diphenyluriiiiw' . . 

190 

(14, IS) 

22.7±0.3 

(20, 22, 28) 

CliHiiOi ^ 

f 

Apiol I. .M. P. «= 30° 

12 

(46) 

50 

(22) 


[ 

II, M. P. « 27.5° 

24 

(46) 

105 

(37) 

Cl jHioO 


Benzophenono 

97+2.5 

0*) 

185 

(37) 


f 

Salol I. M. P. - 42° 

0 . 5 ± 0 . 2 

(10, 18) 

83 

(37) 

CijHiuOa* " 

i 

II. M. P. « 38.8° 

1.8 1 

(IS) 




i 

HI. M. P. - 28.3° 

0.45 j 

(IS) 



CuHuN 


Benzalaniline 

26 

(23) 



CiiHiiN 


Benzylaniline 

2.1 

(22) 

120 

1 (37) 

CmH loOt 


Benzil 

715 

(*) 

95 

(37) 

CuHioOa 


Benzoic anhydride 

53 

(IB) 

410 

(37) 



Betol (/9-Napthyl salicylate) 





CnHiiOj 


I, M. P. * 95° 

1.7 

(46) 

5.8 

(37) 



Ill, M. P. - 93° 

0.8 

(46) 

7.2 




Saliperin (Antipyrine salicylate) 



1.4 

(”) 

CikHi®N>04 


I. M. P. = 91 .8° 

3.0 

(») 

145 




II. M. P. - 86.3° 

5.0 

(*) 

45 

(4» 37) 

Ci7HfiNO,* 


Piperine 



6.5 

(37) 

CnHu 


Triphcnylniet hano 

33 ±3 

(3T) 

1430 

(M 



Triphenylguanidine, 



25 

(22) 

CitHwNj 


I, M. P. = 139° 

21 

(27) 

1500 

(22, 48) 



II. M. P. 144.2^ 

6.4 

(37) 

1150 

(3, 22) 


. 

I — If. U. G. - 

1.5 

(27) 

200 

(22) 

C$rHnoO« 


Tristearin, M. P. = 71° . . . 

2.8 

(27) 

700 

(27) 

* For effect of electric and magnetic fields on undercooled compound, r. (®<). 

450 

(27) 






0.70±0.07 

(*D 
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INTERDIFFUSION OF GASES AND VAPORS 

W. P. Boynton and W. H. Brattain 

By the coefficient of diffusion of one gas or vapor into another is (T -TABLE. The (T-Arrani 

meant the quantity D occurring in the equation — = --( D-— V 

6t 6x\ 6x/' 

t = time, Pi = partial pressure of the diffusing gas. and x = a “ 

length in the direction of the diffusion (14, 15, 22 . 24). As D CS^carbon disui^.T" o. 

varies only slightly with p„ a good first approximation is aTcfhol. . . . . . ! . . ! . ! . o. 

, C,n«Oi, acetic acid 0 

^ the value of D for diffu- C,H,0,. methyl formate 0. 

• / * • . • , C,H«0, ethyl alcohol. . . . 0 

Sion Of A into B is the same as that for B into A; also D = C,H.O,. propionic acid !.!! o, 

n L rv , , - CiHtO,. ethyl formate 0 

\n/ p' == of D at To ( = 273^K) and Po C,H.O,. methyl acetateT 0. 

/ _ 1 \ n • ‘i. I A . 1 CiH,Br, ieopropyl bromide 0. 

{ - 1 atm.), O 18 Its value at absolute temperature T and pressure CiHtBf. n-propyi bromide o. 

p, and m is a constant which theoretically lies between 1.6 and 2.0, UjHtI, isopropyl iodide 0. 

and practically may be taken either as 1.75 or as 2.00, depending '^-P^'opy’ iodide 0 . 

r.T, ' V of measurement, see cIhIo! I 

( ). A temperature gradient in a mixture of two gases CiHiOn butyric acid 0 .' 

produces a diffusion of the more massive molecules towards the CiHiOi, isobutyno acid o. 

region of lower temperature (*» 2» 3, 4, 5) separation of *^**^"^** *nt*thy* propionate o.i 

gases by diffusion through porous septa, see (7. 20 ). f^r diffusion cIhIo:: TXIZT o'! 

through metals, see p. 77; through glass, rubber, and other solids, C.Hi«o. n-butyl alcohol ! Oj 

see p. 76. For diffusion of radioactive gases, see Vol. I, p. 364; of CiHioO, iaobutyi alcohol o.i 

ions in gases, consult the index at the end of the last volume. * C 4 H 10 O. trimethyi carbinol oj 


<r -TABLE. — The (T-Arrangement (t». Vol. Ill, p. viii) 


Vapor . yaluea of D» (cmVaec), and of m 

I Air I COi I Hi [ Ut.~ 

CS,. carbon disulBde 0.0892 0.063 0.3689 I (»», *•) 

CH,0*. formic acid 0.1308 0.0874 0.6104 (*») 

CH 4 O, methyl alcohol 0.1326 0.0879 0.6069* (*») 

C,n40i, acetic acid 0. 1064 0.0716 0.4163 (*•, *») 

C»H40i. methyl formate 0.0872* (•) 

C,H«0. ethyl alcohol 0.102 0.0685 0.3763 

CjH*0,, propionic acid 0.0829 0.0688 0.3297 (>•» *») 

CiH#0,. ethyl formate.^ 0.0840* 0.0673* 0. 3368* (!•» 

CiHiO,. methyl acetate ....0.084 0.0667 0.3330 (•, *4i *■; 

C»H,Br, iropropyl bromide 0.0902 (IS) 

CiHtBf, n-propyl bromide 0.085 I (IS) 

CjHtI, isopropyl iodide 0.0802 (IS) 

CiHtI, n-propyliodide 0.079 (’•) 

CiH«0, isopropyl alcohol 0.0818 I (IS) 

CiHtO, n-propyl alcohol 0.086 0.0677 0.3163 (i»» *») 

C4HiOn butyric add 0.067 0.0476 0.264 (*•»**) 

C 4 H 1 O 1 . isobutyrio acid 0.0670 0.0471 0.2713 (>•» ••) 

C 4 H 1 O,, methyl propionate 0.0735 0.0528 0.2049 (S, is, tl) 

C4H»0,, propyj formate 0.0712 0.0490 0.2810 (»s, *S) 

C4HiO,. ethyl acetate 0.0716 0.0487 0.278 (*•»*•) 

C 4 H 10 O, n-butyl alcohol 0.0703 0.0476 0.2716 (is. *») 

C 4 HH 1 O, isobutyl alcohol. 0.0727 0.0483 0.2771 (!••*•) 

C 4 H 10 O. trimethyl carbinol 0.087 (*S) 

C4Hi# 0. ether 0.0778 0.06525 0.2964 (•. !•» **» 

CiHiiN, butylamjne 0.0821 I ('^•l 

C 4 H 11 N, diethylamjne 0.0884 1 (*•) 

C4HuN, isobutylamine 0.0863 I (IS) 

C*HioO,. isovaleric add 0.0644 0.0376 0.2123 (!•» *■) 

C*Hi»0», n-valerio add 0.060 I (IS) 

CiH.oO,, ethyl propionate 0.0663 0.0460 0.2365 (is, 4S) 

CiHioOt. isobutyl formate 0.0706 I (**) 

Ci^uOi. methyl butyrate 0.0633 0.0446 0.242 (>•• ••) 

CiHuOj, methyl Isobutyrate 0.0639 0,0461 0.2669 (*•»••) 

CsHitOt, propyl acetate 0.067 (II.I.IS) 

CiHnO, n-amyl alcohol 0.0589 0.0422 0.2340 (*») 

C»HjjO, amyl alcohol, fermentation 0.0686 0.0410 0.234 (*•) 

0.0628 0.2948* (ii.l, *») 

C#H7N, aniline 0.6005 (!*•!) 

C«HitO», caproio add 0.060* I I (IS) 

CiHitOi, isocaproic add 0.0613* I I (IS) 

C(Hi»Os, amyl formate 0.0643*1 I (IS) 

C«HiiOi, n-butyl acetate 0.0681 (IS) 

C«Hi»Oi, ethyl n-butyrate 0.0570 0.0407 0,2236 ■») 

C*HiiOt. ethyl isobutsrrate 0.0691 0.0413 0.2280 (is. SS) 

C«HitOi, isoamyl formate 0.0661 (IS) 


a-».table 

Diffusion of Gases into Gabes 

n ( 

\To/ T ’ except those marked • for 


which m * 1.75 


Gases | Lit. 

cm /sec 

He-Ar 0.641*| (> 2 , 1 ») 


HrO, 


.697 


OnN, 181 


(6, 11 , 

13, 17) 
(11, 17) 


Gases 

cm /sec 

H,-CO, I 0650^ 


OrCO 185* (13, 17) 

Of-CO, 139 (13,17) 

Oi-air 178* (17) 

Ht^O, .480* (13) 

Hj-N, 674* ( 11 ) 

HrN,0 535* (17) 

H»-CO 651* (13, 17) 


H 1 -CH 4 625* 

Hi-C,H4 486* 

469* 

Hf-air 611* 

N,0-CO, 096 


CO-CO,. . 

C0-C,H4. 

COr-CH4. 

CO*-air . 


.611* 

.096 

.137* 

.116* 

.153* 

.138 


Lit. 

>3, 

17, 19) 

(>^) 

(17, 21) 
(13. 17) 
(13, 17) 

(*^) 

(13, 17) 

(13, 17, 

23) 


0.0667 0.3330 (S, IS, II) 

(*•) 

(>•) 

(*•) 

(>•) 

(»•) 

0.0677 0.3163 (!•» »») 

0.0476 0.264 (!•»**) 

0.0471 0.2713 (!•.*•) 

0.0528 0.2049 (•. !•» ••) 

0.0490 0.2810 (IS, *S) 
0.0487 0.278 (*•» *■) 

0.0476 0.2716 (is, *») 
0.0483 0.2771 (IS. *•) 

(»•) 

0.06625 0.2964 (s, is, il. IS) 

(»••) 

(*•) 

(*•) 

0.0376 0.2123 (l*i *•) 

(••) 

0.0460 0.2365 (>•* 3S) 

(*•) 

0.0446 0.242 (>•»••) 

0.0461 0.2669 (!•»••) 

(II. I, IS) 

0.0422 0.2340 (*») 

0.0419 0.234 (*•) 

0.0628 0.2948* (**•>•*•) 


(IS.I) 

(*•) 

(»•) 

(»•) 

(*•) 

(’IS, IS) 

(IS, IS) 
(>•) 


Hg. 


owy 


PlFruSlON OF VaPQRS INTO G>S F.8 

Vapor Valuea of /> > (cm»/Bec). and of m 

- Air I COt t Hi 1 UtT" 


It, iotttoe 


RtO, vater 


{S: 


0.1124t 

0.0664t 

0.097 


(»•> 

(*•) 

(IS.I) 


,0.220* 10.1387 lo. 7516*1 C, t*, ii.i, it) 


CtHiiOi. isobutyl aceUte 0.0612* 0.0426* 0.2364* (is, I*) 

C«HitOt. methyl valerate 0.0660* (IS) 

CtHuO*. propyl propionate 0.067 0.0396 0.2116 (!■»*•) 

0.0499 0.0361 0.1997 («•) 

CtHtCI, bensyi chloride 0.066 (ii*!. IS) 

CtHtCI, m-chlorotoluene 0.064* (**) 

CjHrCl, o-chloroteluene 0.069 (*S) 

CtH;C 1, i^chlorotoluene 0 061 (**) 

CtH,. toluene 0.0709 (I**!) 

CjHmO*. ethyl valerate 0.0612 0.0367 0.2062 (»•»•■) 

CtHmOi, iaobuty] propionate 0.0629* 0.0366* 0.2029* (!•» ••) 

CtHhOj, isopropyl iaobutyrate 0.069| (IS) 

CtHuO,, propyl butyrate 0.0630 0.0364 0.2069 (is, *») 

CtHmOs, propyl isobutyrate 0.0549 0.0388. 0.212 (••»*■) 

CtHi^ ^thylbensene 0.0658*^ (*^) 

CtRi*, m-xy!ene 0^069* (IS) 

CiHw, o-xylene 0 062* (IS) 

C*H«a p-xylene 0.066 fis) 


(>•) 

(IS, Si) 

(IS, Si) 

(>•) 

(*•) 

(«•) 

(••) 


DIFFUSION IN GASES 
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e-TABLE.— (Continued) 


Vapor 

Values of De (cm*/ 8 ec), and of m 

Air 

CO* 1 

H, 

Lit. 

CtHifOss amyl propionate 

0.046 

0.0347* 

0.1914* 

(IS, 28) 

CsHtfOa iaobatyl batyrate 

0.0468 

0.0327 

0.1850 

(It, 18) 

CaHicOa iaobutyl iaobutyrate 

0.0457 

0.0364* 

0.191 

1 

(18,18) 

CtHuOa prop^ valorate 

0.0466 

0.0341 

0.1893 

(It. 18) 

CtHu, a-oetane 

0.0506 



(11.1) 

C«Hia iaoprtvylbenaene 

0.0480 

1 

1 


0 «), 

CeHit, maiitylene. 

0.056 



('•) 

CeHub »>propyibenaone 

0.0481 



<>•) 

CfHifOa amyl butyrate 

0.040 



0 *) 

CtHtaOa amyl iaobutyrate 

0.0419 

1 

0 . 9307 

0.171 

(18, 28) 

C«Ht*Oa iaobutyl vakrate. 

0.0424 

1 

0.0308 

0.1730 

(18, 28) 

CmHa, naphthalena 

0.0513 


1 

1 

(IJ.l) 

CwHiaOs, iaoaafrol 

0.0455* 



(»•) 

CwHuOt, aafrol , 

0.0434* 



(It) 

CioHisOt, eugenol 

0.0377 



(*«) 

CiiHm, diphenyl 

0.0610 



(ll.l) 

CitHiiNt, benaidine 

0.0298 



(11.1) 

C 14 HM, anthracene . . . 

0.0421 



(l»,l) 


•m-1.76. tlntbNfc J Into 0«, Do - 0.0633. m - 1.75 (*» ). 

I Vnloe ol m is not known. 
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Abbreviations and Conventiont 

Defined by the equation — *= A where c is the con- 
centration of the diffusing substance at the time i and x is the 
distance in the direction of the diffusion. The diffusion coeflBcient, 
A, (“frus’^ diffusion coefficient), is thus a function of c. In the 
following tables these “true’* diffusion coefficients are in aH cases 
marked with an OKteriak and they correspond to the concentration 
given in the o-column of the table, this concentration being also 
marked with m asterisk. 

AU unmarked values tn the Ar-column of the tahlee represent some 
kind of "mean** value of A over a range of concentration: they 
corr^pond to a diffusion /ron» an initial concentration, co, (appear- 
ing in the o-column) tn£o the pure solvent (unless otherwise 
indicated). These “mean** values depend also on the method 
employed and in some cases on the type of apparatus used; values 
ob^ned by different methods are therefore not comparable. 

As far as possible the experimental methods employed in deter- 

minmg these mean values are indicated by Roman numerals as 
follows : 

1. Method of steady state. 

II. Seeond method of Graham (*T, 9S), 

III. Method of Stefan-Schuhmeister (”•). 

IV. First method of Graham (i 14 , 143 ), 

V. Indicator method (»i 137 ), 

' ” diffumon in very dilute solution. A is then 

pracUcaUy identical with A. (diffusion coefficient for infinite 

dilution). Temperature coefficient a - where t. > 1 ,. 


Units 

Values of A are in cm*/sec. Values of c are in gram-moles per 
liter except in the case of electrolytes where they are in g-equiv. 
per liter. 

Accuracy 

The values following the ± sign indicate (o) in the case of the 
“true” A, the estimated possible error in the absolute value; resp. 
(6) in the case of the “mean” A, the possible deviation from the 
correct value for the experimental method employed. The actual 
errors will probably not exceed these values. The reliability of 
the A values is indicated in many cases as. follows: 


Symbol 

A 

B 

c 

D 

E 

F 

Error probably < ± 

2% 

3% 

5% 

7% 

10% 

(?) 


DIFFUSION IN WATERt (OR IN A GIVEN AQUEOUS 

SOLUTION) 

1. Elementary Substances — A-Table 

out 


f, °C 

Cd (resp. 
c*) 

10‘A 

Method 

Lit. 

12 

0.1 

1.4 

11 


(42) 

16 

0 . 12 § 

1 - 26 || 


1 


Br, 

12 

0 1 ! 

1 0.9 

11 


(42) 



Hi ; cf. ( 8 » 

43 , 66) 



10 

0 * 

4.3*F 



(78) 

10 

0* 

4.7*F 




21 

0* 

6 . 2 *F 






(* 

7. 42) 



f, 

1 Co 

1 10‘A 

1 C, KI 

I Method 

! Lit 

20 

0.046 

l.lsA 

lA^ 

II 

j (»«) 



1.25A 

2V 


1 



j 1 3iA 

3V 

1 

! 




i I. 35 A 

4V 




t For of the radioactive Aubstances, v. Vol. I. p, 364. 
t Hydrolyzed I f Saturated at 1 atm. [] Probably too low. 

? In KI. For A in eolutions of NH«Br. NH.I, NaBr. Nal and KBi. t. (•«). 
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NH 4 CI; (»»» 140) 



Co (resp. 
c*) 

10 *A 

Method 

Lit. 

Ot 

1.0 

O.OsA 

V 

(126) 

20 t 

1.0 

I. 64 A 

V 

(126) 

30t 

1.0 

2 .O 7 A 

V 

(126) 

40t 

1.0 

2 . 60 A 


(126) 

8 . 

4.6 

1.3E 

III 

(118) 

12 

2.3 

1.5E 

III 

(118) 


6.0 

1.7E 



18 


1.6C 

rv 

(114) 


NH«HSO« («®) 

Diffuses aaa mixture of (NH 4 )sS 04 and H1SO4 


(NH4)iS04;<lf. (4«. 47, 58) 


Of 

1.0 

0 . 47 B 

V 

(125) 

20t 

1.0 

0 . 93 B 


(125) 

15 

0. 5 

0 . 73 F 

II 

(59) 



10 
16 
20 
18.0 


0* 

0* 

0* 

0* 


CO»; Cf, (48, 66, 147, 148, 149, 150) 


1.46*B 
1.6o*B 
1.77*B 
1.7i* ± 0.03 


For other C-compounds, v. p. 69. 


(74, 75, 120) 
(74, 75, 120) 
(74, 75. 120) 
(18, 19) 


12 


0.8 

0.2 


Fb(NO »)t 

0.760 
O. 82 C 


U 


(115) 





CdS04 


I, “C 

1 

Co (reap, 
c*) 

10*A 

Method 

Lit. 

19.0 

2.0* 

0'.28*(?) 

1 

1 

(119) 

HgCI, 


0.25 

0.68 

II I 

1 (”®) 

13 

0.26 1 

0.76 

II 

(130) 

18 

0 25 

0.92 

II 

(130) 

CuCl, 

6 

2.0 

0.5oE 

III 

(118) 

CUSO 4 ; cf. (60, t07, 1 

25) 


5 

1 1.6 

O. 24 F 




0.25F 


8 

1.1 

0.27F 



2.2 

0.26F 


14 

2.6 

0.3i ± 0.02 


1.2 

0.38 ± 0.02 


0.4 

0.39 ± 0.02 

10 

2.0* 




1.0* 




0.3* 




0.1* 



17 

2.0* 




' 1.0* 


' E to F 


0.5* 



0.3* 




0.1* 



20 

0.5* 




0 1* 




0.01* 




III (118) 
III (It*) 


IV 


IV 


(143) 

(143) 


(134) 


AgNO, 


3 

0.l4 

O. 94 C 

II, IV 

(115, 116) 

7 

5 

0.7C 

II, IV 

(115, 116) 


2 

O.SsC 




0.3 

I.O 4 C 



9 

0.02* 

1.1*E 


(134) 

12 

3.9*. 

0.6*E 


(134) 


0.9* 

1.0*E 




0.1* 

l.l5*E 



12.0 

0.1 

1.22 ± 0.04 

II 


14.0 

0.05 

1.33 ± 0.04 

II 

(^^) 

15.0 

0-17 

1.28 ± 0.04 

II 

(77) 

MnCli 

l6 i 

i 0.5 

O. 72 F 

II 

(59) 

UnS04 

I 5 

0.5 

O. 35 F 

II 

(59) 

Mii(NOi)t 

l5 

0.3 1 

O. 7 F 

II 

(59) 

FeCl,; qf. (**) 

15 

0.2 

0.73 

II 

(•«) 


0.2 





0.2 

0.6it 



FeS04 

I 5 

0.5 1 

O. 39 F 

n 1 

(59) 



Fe(NO,), 


« 

15 


0.67 1 

n 1 

(•<) 


t In O.IJV^ HCL t In 30 % Ha. 
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CoCU;t c/. (113, n 

») 


/. °c 

Co ^rosp. 

, c*) 

lO^A 

* Method 

1 

t 

Lit. 

t 

0 

0.1 

0.5 1 

1 

(1401 

20 

0.1 

1.0 

\ 

( 140 , 

40 

0.1 

1.5 

1 

t 

( 140 ) 

NiCUt 

0 

0.16 

0.6 

1 


20 

0.16 

1.0 


( 140 ) 

40 

! 0.16 

1.7 


1 ( 140 ) 

NUNO,), (113) 

UO,(N03)j 

18 

0.4 

0.67 

11 



0.4 

0.5i§ 




H,BO, 


20.0 


1.5 

0 94 ± 0.03 

1 0 

0 94 ± 0.03 

0.75 

0 95 ± 0.03 

0.5 

0.96 ± 0.03 

0.1 

i.om 

0.05 

1 ion 


II 


(103) 


MgCU;l| c/. (36, 59, 140) 



MgS04;c/. (46, 47, 59, 118, 122) 


oil 


0.27B 

V 

(125) 

2011 


0.6iB 

V 

(125) 

7 

2.2 


II 

(115) 



O.SsD 



0.5 1 




10 


0.3iD 

JI 

(115) 

i 


0.4 

O.SoD 1 

1 




e 

Mg(NO,), 



Is ! 

O.s 

1 

0.8F 1 

II 

1 (**) 


Ca(OH),t 


0 


0.9 


20 


1.6 


40 

1 0.2 ! 

2.5 



(140) 

(140) 

(140) 


CaCl 


9 

5 



0.4 



0.3 


Oil 

1.0 


2011 

1.0 


3011 

1.0 


4011 

1.0 



; (”®, 140 ) 


0.82D 

II 

(IIS) 

0.74D 


0.80D 

• 


0.6sA 

V 

(126) 

l.leA 

V 

(126) 

1.48A 

V 

(126) 

I. 83 A 

V 

(126) 



t 2 % acmr, i^obablj ea. 10 % Iow«r than in vnter. 

t In 2 % ncnr, probnbljr ea. 10 % + lower than in water. 
I In BIf HNOt. 

^ Plobobljr too hi^k. 

I la OO % ocer. 


Sr(OH),t 

t, "C 

Co (resp. 
c*) 

$ 

10»A 

Method 

Lit. 

0 

0.1 

0.8 


(140) 

20 1 

0.1 

1.5 

1 


(140) 

40 1 

1 0.1 

2.3 


(140) 

Ba(OH),t 

0 


0.9 


(140) 



1.5 


(140) 


0.08 1 

2.4 


(140) 


BaCl,; cf, (S®* 140) 


OJ 



V 

(110) 






20 t 


l.leA 

V 

(116) 



I. 22 A 



30t 

1.0 

1.48A 

1 


40J , 

1.0 

I. 80 A 



8 

2.0 

0.76D 

II 

(115) 


0.3 

O. 75 D 



RaCl,§ 

18 

0* 

0.77*. 1 

1 

(TO) 

LiOH;t cf^ (**) 

0 


0.7 


(140) 

20 

0.3 

1.3 


(140) 

40 


2.1 


(140) 


LiCl;|| rf. ( 34 , 36 , 5 », lie, 126) 




tin 0 . 6 % 
f In 0.01^ Ha. 

I a - 0.027 betweea 0 and 18^; «/. (••). t In 2 % 
■ • 0.023 between 8 and 16*; ef. 
































DIFFUSION 


HaOH.— (Conhnwed) 



12 


8.0 


16.0 


{rmp. 

lO^A 

Method 

0.6 

1.380 

II 

2.0 i 

1.280 

11 

0.64 

I. 37 C 


0.6 

1.19 ± 0.01 

II 

0.1 

1.22 ± 0.01 


2.0 

1.36 ± 0.02 

II 

1.0 

1.39 ± 0.02 


0.6 

1.41 ± 0.02 


0.2 

1.46 ± 0.02 


0.1 

1.47 ± 0.02 


0.06 

1.49 ± 0.04 


0.02 

1.61 ± 0.04 


0.01 

1.64 ± 0.04 

1 


lit 


(^) 

W 

( 93 ) 

(93) 


Haa;t rf. 



18.0 

6.0t 
10. Ot 
16. Ot 
20 01 
26.01 
80.01 
18.0 


80 f 



(4, IS, 18, S8, 44, 89, €7, 68, 111, 115, 11 

129, 134, 137, 140, 147) 


1.26* ± 0.02 
1.24* ± 0.02 
1.21* ± 0.02 
1.20* ± 0.02 
1.21* ± 0.02 
1.22* ± 0.02 
1.24* ± 0.02 
1.27* ± 0.02 
1.30* ± 0.02 
1.33* ± 0.02 
1.36* ± 0.02 
1.39* ± 0.02 
1.43* ± 0.02 
1.46* ± 0.02 
1.60* ± 0.02 
1.64* ± 0.02 
0.83 

O 84 ^ 

o:86 

.1 0.87 

.06 0.89 ± 0.03 

.02 0.90 ± 0.03 

0.91 ± 0.03 
1.23 ± 0.02 11 

1.30 ± 0.02 
0 . 8 » II 

1 . 0 s II 

ii» n 

1 . 3 » II 

1.6i II 

1.84 II 

1.17 ± 0.02 I 

1-18 ± 0.02 

1.19 ± 0.02 

1.20 ± 0.02 
1.21 ± 0.02 

1.23 ± 0.02 

1.24 ± 0.02 
1.28 ± 0.02 
1.2tB 

1.6sB 

18 and 8*C: «/. (t»). j laUrpoUted! 


6, 122, 126, 127, 


(24, 25, 26) 


(93) 


(93) 

(•». 

(•»» 

(•*» 

(»®. 

(»». 

(«» 

(*<) 


136) 

136) 

136) 

136) 

136) 

136) 




(••) 


I In 2 % Mmi 


IN LIQUIDS 



8 

10 

13 


Co (reap. 

c*) 


4.0 
3.7 

3.0 


0.9 

1.0 > D to E 

1.1 j 


Nal; qf. ( 5 »» »i) 


III 


(115) 



1.0 

0 9l ^ 

III 

2.0 

1 ojotoE 

0.086 

I.l3 ± 0.04 

II 

0.24 

1 I.O 9 ± 0.04 



(118) 


NaNO,; cf. (» 2 » ««, n®) 



0.6 


.660 
.720 
0.890 
0.940 
0.970 
0.890 
1.040 
0.73*E 
0.9i*E 
0.97*E 
0.98*E 
l.OF 


Na,SO, 


0.69F 


II, IV (115, ii«) 
II, IV I (US, 116) 


II, IV (115, 116) 

(134) 


(59) 




Na,S04;t c/. ( 58 , iis, 122) 


B 

B 



10 



NasStOi 


O. 62 D 

O. 74 D 



NaHSOi (59) 

Diffuses as a mixture of Na,S 04 and HjSOo. 



NatCiOi, Oxalate 


O .60 


NaCHOt, Formate 


8 

0.4 

0.80C 

IV 

10 

0.9 

0.84C 



NaCtHaO,, Acetate; cf. ( 5 », 122) 


6 

0.25 

0.6C 

II 

12 

0.4-0.06 

0.760 

II 

1 

0.03-0.01 

O. 82 C 

1 

14 

0.125 

O. 87 C 

II 

14 

0.105 

0.86C 

II 


(78, 115) 



WaiC4H40>, Tartrate 


0 25 I o.soc \ n 


NaCTHaOoS, Sulfobenjsoate 


0.3 I 0.80 I n 



(116) 
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KCl. — {Continued) 


^ WA A 1 1 ^ 0.0242(1 - 18) + 0.0001(1 - i8)i|^ ,here 




l5 


e« • 

A 



Co (resp 
c*) 




Method 


Lit 


0.4 


6.0 

1.8 

1.10 ±0.02 

11 

1 

(93, 99, 103) 


0.25^ 

1.14 ±0.02 


7.0 

o.m 

1.18 ±0.02 

11 

(93, 90, 103) 


0.05 

1.20 ±0.03 


9,0 

0.02 

1.28 ±0.03 

II 

(93, 99, 103) 


0.01 

-1.30 ±0.03 


14.0 

l.OH 

1.38 ±0.02 

II 

(93, 99, 103) 


0.611 

1.38 ±0.02 


% 


0.2611 

1.39 ±0.02 



18.0 

i.ot 

1.64 ±0.01 

II 

(93, 99, 103) 


0.11 

1.60 ±0.01 


• 

20.0 

1-01 

1.61 ±0.02 

II 

(93, 99, 101) 


0.261 

1.63 ±0.02 


. 

24.0 

1.01 

1.78 ±0.02 

II 

(93, 99, 102) 


0.261 

1.79 ±0.02 



30.0 

1.01 

2.00 ±0.02 

II 

(93, 99, 108) 


0.61 

2.01 ±0.02 




0.261 

2.03 ±0.02 



20.00 

0.1 

1.67« ± 0.006 

II 

(19. 27, 31) 

KBr 


12 

1.6 

1.4D 

III 

(lit) 


2.2 

1.4D 




2.3 

1.4D 



20 

1.4 

1.6D 

III 

(Ilf) 


3.2 

1.8D 




4.6 

1.8D 



KI;trf. (»*. »•) 

8.0 

6.3 

1.37 ±0.02 

U 

(*») 


2.7 

1.27 ± 0.02 




0.9 

1.21 ± 0.02 




0.46 

1.22 ± 0.02 




0.18 

1.22 ± 0.02 




0.09 

1.23 ± 0.02 




0.046 

1.25 ± 0.04 




0.02 

1.26 ± 0.04 




0.01 

1.29 ± 0.04 



16.0 

0.46 

1.46 ± 0.02 

II 

(•*) 


0.046 

1.49 ± 0.02 



9 

1.4 

1.3D 

III 

(“•) 


6.4 

1.6D 



16 

1.1 

1.6D 

III 

(»••) 


1.4 

1.6D 




2.4 

1.6D 




4.0 

1.8D 




6.0 

2.0D 



13.0 

0.09 

1.45 ± 0.06 

II 





01 

1.0 

0.47C 

V 

(129) 

201 

1.0 

0.9iB 

V 

(129) 

9 

0.02* 

0.9*E 


(134) 

20 

0.96* 

0.9*E 


(134) 


0.26* 

1.0-E 




0.06* 

1.1*E 



A ^ ^ 

0.006* 

1.2*E 




t « - 0.0236 between 16 end 8^; «/. (•»>. t la 0.6 % 
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KHSO4; (»♦. »*<) 


Diffuses as a mixture KtS 04 and H 3 SO 4 . 



KUO. 

; («• 

S8 

, S9, 118, 

, 118, 1S4) 


c« (reap. 

c*) 

10 »A 

Method 

Lit. 

18.0 

0 . 06 * 

1 . 46 * 

± 

0.02 


(»4, 25, 26) 


0 . 1 * 

1 . 43 * 

± 

0.02 




0 . 2 * 

1 . 39 * 

± 

0.02 




0 . 4 * 

1 . 34 * 

± 

0.02 




0 . 6 * 

1 

1 . 30 * 

± 

0.02 




0 . 8 * 

1 . 27 * 

± 

0.02 




1 . 0 * 

1 . 24 * 

± 

0.02 




1 . 6 * 

1.19* 

± 

0.02 




2 . 0 * 

1 . 16 * 

± 

0.02 




2 . 6 * 

1 . 17 * 

± 

0.02 



0.0 

i.ot 

0.87 

± 

0.03 

I 

(*^) 


0 . 6 t 

0.89 

± 

0.03 

I 

1 

(*^) 


i.ot 

1.26 

± 

0.03 

I 

(*^) 


0 . 6 t 

1.29 

± 

0.03 

I 

(*<) 


0.06 

1.49 

± 

0.02 

I 

(*^) 


0.1 

1.46 

± 

0.02 




0.2 

1.43 

± 

0.02 



1 

0.4 

1.40 

± 

0.02 



1 

0.6 i 

1 

1.37 

± 

0.02 





1.36 

± 

0.02 


1 


1.0 

1 

1.33 

± 

0.02 




2 . O ' 

1.26 

± 

0.02 


1 

1 

10.0 

I.ot 

1.36 

± 

0.03 

I 

(*^) 


0 . 6 t 

1.42 

± 

0.03 



24.0 

I.ot 

1.64 

± 

0.03 

I 

(*^) 

26.0 

0 . 6 t 

0.66 


0.03 

I 

(»«) 



K,CO. 

It 

if. (»». »») 


5 


0 

. 60 E 

111 

(118) 

0 


0 

.OsE 



21 

2.9 

0 

. 8 E 




KCsHiOttt Acetate 


14 

2.0 

1.0 

l.Oi 

1.18 

11 

1 


K,Fe(CN)« 

16 1 

0.3 

0.94 

II 

(*^) 



0.46} 






18.0 


IV 


KfCrtOy 

^96C 
0.99C 
1.09C 
1.17C 
1.17C 

1.24C 

t For e, » 1^: A • 0^(1 + 0.023t + 0.00032(*i X 10~», 

*# “ ^ " 0JB(1 + 0^ + 0.000271*) X 10-* 

I Hydrolyaad. 

I Id O.i^r KCI 


0.063 
0.03 
0 16 
0.05 
0.016 
0.007 


(14S) 


Rba and Caa (•>) 

Relative determinations; at 18*C, KCI: RbCl: CsCl 
1.02: 1.06 (semi-quantitative). 


- 1.00 



C-Tablb 


(T- Arrangement (v. Vol. Ill, p. viii) 
CH,0„ Formic Kcid; qf. (133, 140) 


t, *C 

Co (resp. 

c*) 1 

10»^ 

Method 1 

Lit. 

9 

1.0 

1 . 02 C 

II 

1 (^) 

16 

0* 

1.04*Eto F 


(136) 


CH«N 40 , Urea; cf, ('3, S 7 , ss, 105, 116) 


10.0 

1.0 

0.89B 

II 

(96) 


0.26 

0.96B 



12.0 

0.7 

0.96B 

II 

(77, 78) 


0.5 

0.96B 

1 



0.36 

0.97B 




0.26 

0.97B 




0.16 

0.98B 




0.10 

0.97B 




0.06 

0.99B 

1 


16 

0* 

0.94*(?) 



20.0 

2.0 

1.14B 

II 



1.0 

' 1.14B 




0.25 

1.18B 



CH 4 O, Methyl alcohol; cf. ('04) 

16 

0* 

1.28*C 


(136) 


CHsNoOsit Ammonium carbonate 

« 

Is 

0.7 

1.17F 

11 

(59) 


CsHt 049 Oxalic acid; rf. (*3i 1 ^®) 



9 

0.4 

0.64 

IV 

(114) 

16 

0* 

0.68*D 


(126) 

CsHtN, Acetonitrile 

16 

0* 

1.26*C 


(136) 

CtH4N4» Dicyanodiamide 

10.0 

0.25 

0.77 ± 0.03 

1 

(96) 

20.0 

0.40 

0.99 ± 0.04 

11 

(96) 


0.20 

1.04 ± 0.04 



C>H 40 t,t Acetic acid; (3> 104, ii4, ns, ns, 140) 


9 


0.69 



w 



0.72 






0.76 

C to D 

II 

(«) 



0.78 




0.26 1 

O .80 





t HjrdroljDed. 

I a - 0.020 between 18 and 12*C: c/. <•«). 
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CsH^Ot. — {Continued) 


t, 

Co (reap, 
c*) 

10 ‘A 

Method 

Ut. 

12 . 5t 


0.82 

± 

0.02 

II 

(» 4 ) 



0.84 

± 

Q.02 





0.^6 

± 

0.02 




0.1 

i 0.87 

± 

0.02 




0.05 

0.88 

± 

0.02 




0.02 

0.89 

± 

0.03 



1 

0.01 

0.91 

± 

0.04 



18. Ot 

1.0 

0.96 

± 

0.02 

1 

II 

( 94 ) 


0.1 

^.03 

± 

0.02 



17 

0.93 

0.92 

±. 

,0.03 

11 

(«•) 


0.65 

0.94 

± 

o.a3 




0.47 

0.95 


0.03 




CsH»NO, Acetamide; c/. 



CsH7NOs,t Ammonium acetate 


l5 


0.4 


l.iF 


II 


(59) 


CsHiCtiO| l,-l'-DicKloropropyl alcohol 


16 I 


0 


0.76^C.D 


(116) 


Allyl alcohol 



CiHiOs, Propionic acid; cf. 

2-dihydroxypropane 



0. 76^C-D 

CbHtRO*. TTrfkt.hnno 



_Ji_L 

0* 

10.0 

2.0 


1.0 


0.6 


0.25 


0.126 

20.0 

2.0 


1.0 


0.5 


0.26 


0.125 

16 

1 0* 


0.87*C-D 


(116) 


Glycerol; c^. (••» *®i| 104, 105) 


0.66 ± 0.02 
0.65 ± 0.02 
0.67 ± 0.02 
0.61 ± 0.02 
0.63 ± 0.02 

11 

1 

1 

1 

1 

(96) 

0.76 ± 0.03 
0.77 ± 0.03 
0.78 ± 0.03 
0.82 ± 0.03 
0.83 ± 0.03 

1 

1 

(96) 

0.72*C-D 


(116) 


t « - O.ois betwwD IS and 12^. 

% HTdrotjraed. 

into .olatjoDa . 

KCI and liCS , ». (>•>). 


C«H,Ns 04 , Alloxan; </. (*0») 


£, ®C 

Co (reap, 
c*) 

10»A 

Method 

Lit. 

10. 0 i 

1 

1.0 

0.48 ± 

0.02 

II 

(••) 

1 

1 

0.25 

0.49 ± 

0.03 



20.0 - 

1.0 

0.61 ± 

0.03 

11 

{••) 


0.6 

0.64 ± 

0.03 

* 



0.26 

0.66 ± 

0.03 




0.126 

0.66 ± 

0.03 


0 


CiHiOa, Succinic add; cf. 


20.0 



0.70 

± 

0.03 


0.73 

± 

0.03 


0.76 

± 

0.03 

0.26 

0.79 

± 

0.03 

0.1 

0.82 

± 

0.04 



( 101 ) 


CiH^Oft, Tartaric acid; cf, (®*i l®®» ll®» 


3 

0.25 

0.4iD 

II 

(II.) 

6 

0.25 

0.43D 

11 

(II.) 


0.7 

0.48D 



9 

0.7 

O. 62 D 

II 

(II.) 

15 

0 * 

0 . 61 *0-0 


(11.) 

18 

6 0* 

0.34 •£ 


(1.4) 


2.46* 

0.6o*E 




0.95* 

0.67*E 




0.36* , 

0.63 •£ 




0.1* 

0.64*E 




0.0125* 

0.66*E 




6 

0.7 

O. 45 D 

II 

(US. 116) 


0.3 

O. 44 D 




10.0 


20.0 


16 


C jHiOt, n-Butyric acid 
CJ^ioO, rv>Butyl alcohol 



0.77*C-D 
CtHftN, Pyridine 


I (*»•) 



9.0 

0.6 

0.41 ± 0.02 


0.26 

0.44 ± 0.02 


0.1 

0.46 ± 0.02 

20.0 

0.6 

0.64 ± 0.03 


0.1 

0.69 ± 0.03 


II 


(•®) 


P.Ra.n. ToTkAmvl airnhni 

CtHn 04 , Pentaerythritol 




0.47 ± 0.02 

11 


0.49 ± 0.02 



0.67 ± 0.02 

11 

0.2 

0.68 ± 0.02 



(••) 

(••) 


0 


12 



16 



20 




C,H,W, 0,, Picric a cid ; cf. (<») 

0.69 *C-D 

CeHsO, Phenol 

0.64*(7) 

0.74*(7) 

0.84*(7) 


0»®) 

(TH) 

(116) 

(116) 


CsHeOsf Hydroquinol 


16 

0* 

0.66*C-D 

20.0 


0.74 ± 0.02 



0.76 ± 0.02 


1 0.26 

0.77 ± 0.02 


II 


(116) 
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C«HeOt) ^sorcinol 



C4 (reap. 
c«) 

10 ‘A 

Method 

1 

Lit. 

10 

1.0 

0.61 

± 

0.02 

11 

(»•) 


0.26 

0.53 

± 

0.02 



20 

2.0 1 

0.61 

± 

0.02 

II 

(»*) 


1.0 

0.69 

± 

0.02 




0.6 

0.72 

± 

0.02 




0.25 

0.76 

± 

0.03 

1 



0.125 

0.76 

± 

0.03 



15 

0 * 

0.65' 

•C-D 


(138) 


• 



CeHeOji Pyrogallol 


• 16 1 

0* 

1 

0.56*C-D 1 

1 

(136) 



CsHsOti Citric acid; cf. 

. 


5 

0 . 

a 


11 

(114, 115) 

9 

1. 

1 

0.48D ; 

II 

(114, 115) 



C«Hij 

N 4 , HexamethylenetetraiMiiiC 


21 

0 . 

6 ! 

0 6 

1 II 

1 (>0-*) 

CftHisOe, Glucose 

15 

1 0^ 

■ 1 

0.52 ‘C-D 


136, 



C»H 

mO®, Mannitol; cf. ( 

37 , 114) 



Of 

C." 

0.26 ± 0.02 

IV 

(117) 

lot 

O.a 

0.40 ± 0.02 

IV 1 

(117) 

20 t 

0.8 

0.66 ± 0.02 

IV i 

(117) 

30t 

0.3 

0.72 ± 0.03 

IV i 

1 

(117) 

40t 


0.90 ± 0.04 

IV 1 

(117, 

60t 

0.3 

1.10 ± 0.04 

IV 

(117) 

60t 

0 3 

1.32 ± 0.05 

IV 

(117) 

70t 

0.8 

1.56 ± 0.06 

IV 

(117) 

10 0 

0.6 

0.39 ± 0.02 

II 

1 

(56) 


0.26 

0.40 ± 0.02 

1 

1 



0.125 

0.42 ± 0.02 

. 


20.0 

0.6 

0.53 ±.0.02 

II 

(96) 


0.26 

0.66 ± 0.02 



1 

1 

0.125 

0.68 ± 0.02 



16 

0 * 

0. 60 *0-0 


(136) 


CtH.Om Gallic acid (to*) 


CtHsOs, o-Hydroxybenxyl alcohol 


20.0 

1.0 

O .60 ± 

0.02 

II 

(96) 



0.67 ± 

0.03 




1 0.25 ! 

0.72 ± 

0.03 




— — C 8 HioN 40 >, Cafifeine 

10.0 I 0.05 1 0.41 ± 0.03 i n I (»<) 


C^uNOi, Ecgonine 


20.0 

1.0 

0.61 ± 0.03 

11 

( 96 ) 


0.6 

0.66 ± 0.03 



1 

0.1 

0.70 ± 0.03 





CijHiiOii, Maltose; rf. 



Co ( resp . 

c*) 


Metliod 

Lit. 

10.0 

0.5 

0.29 

± 0.01 

i 11 



0.25 

0,31 

± 0.02 


1 


0 1 

0.32 

± 0.02 



20.0 

0.5 

0.38 

± 0 01 

II 

( 94 ) 


0.25 

0 41 

± 0.02 


1 


0.1 

0 42 

± 0.02 



15 

0 * 

0.38* 

D 

! 

, 136 ) 


C i2H2aO 1 1 , 

t Saccharose; cf. (** 

104 , 105 , 

122) 

12.0 

2.0 

0 25 ' 


k 



1.5 

0.28 j 





1.0 

0.30 





0.5 

0.325 

1 




0.25 

0.34 

1 

1 



1 

0.1 

0 35 





0.075 

0.353 : 




1 

14.0 

1.0 

0.33 





0.5 

0 35 

± 0.01 




0.25 

0.36 

• to 

1 

1 

( 94 , 102 ) 

20 0 

2.0 

0.32 

0.02 




1.0 

0.38 ' 





0.5 

0.41 

1 



1 

0.25 

0.43 




24 0 : 

1.0 

0.435 





0.25 

0.49 




29.0 

1.0 

0.50 





0.5 

0.53 





0.25 

0.55 

- 


1 


15 

0 * 

0.38*D 


( 136 ) 

18 

2 . 0 * 

0.15*E 


( 134 ) 


1 . 0 * 

1 0.28*E 




0.3* 

0.36*E 




0.005* 

0.38*E 





CiaHis 

O 7 , Salicin 


20.0 

0.12 

0.46 ± 0.03 

11 

( 96 ) 


0.06 

0 49 ± 0.03 




C» 4 H,oO., Tannin (»o». >2*) 


CisHisOk, Raffinose; cf, ('®*) 


11.0 

0.25 

0.27 





0.125 

0 27 





0 1 

0.28 

±0 01 

II 

( 94 ) 


0.075 

0.28 


1 

1 



0 05 

0.28 

< 




20.0 

0.25 

0.33 

I ± 0.01 to 

1 0.02 



0.1 

0.36 

II 

( 94 ) 


0.05 

0.36 



15 

0* 


E 


( 136 ) 


Colloids 

Only the order of magnitude has significance 

Amylum (Starch) 


20 

5%t 

0.067 



2.5%t 

0.072 



l-25%t 

0.08 



6-8 % § 

0.24(?) 



t Ai • A«(l + 0 . 029 (J - 20 ) + 0 . 0005 (« - 20 )*). 
t Powder-like. 

I Dough-like. 
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Colloids. — (Continued) 



20 


^ « 

For several proteins and ferments, v. (37, 69, 79 , 122 ) 

WON-AQUEOirS SOLUTIONS 
DIFFUSION IN METHYL ALCO 

A-!&-Table 

I> 

1 I0*A I Method 


9 

20 


0.1 

0.1 


1 52 A 
1 82 A 


II 


(90) 


LiCl 


14 

1 

0.2 

l.Oo 

1 

1 

0.16 

1.02 


0.07 

1.03 


Nal 


II 


(81) 


14 


WaCaH iOa, Acetate 

O. 84 C 
0 87 C 
0 9iC 


II 


14 


14 


B to C 

KCjHjOj, Acetate 
0 . 8«0 
O.SsC 
0.97C 


II 


(81) 


II 


1.0 

0.079 

f 

(96) 

0.6 

0.081 



0.25 

1 

0.088 



0.1 

0.09o 



0 075 

0.09o 



1.0 

Oil 


(96) 

0.6 

0 l 2 



0.26 

0 l 2 



0.125 

0 .l 2 





14 

0.65 

0.75 




1 

1 

0.25 

0.85 

* B to C 




0.16 

0.92 

II 

1 

(81) 


0.07 

0.92 





1.89 ± 0.04; 


C-Table, Vahtes op 10‘At 
CCI4, Carbon tetrachloride: 1 . 7 o* (* 38 ) 

CHBr„ Bromoform; 1.57*; 20°, c. = 1.0 10‘A 
** 0.5, 10*A « 1,93 ± 0.06 (»«). 

CHCI», Chloroform: 2.07* (*36)^ 

CHI*, Iodoform: 1.33* (*38). 

CTiClBr, Chlorobromomethane: 2 . 6 o* (*38), 

CHJi, Methylene iodide: 1.68* (*38)^ 

CHiOi, Formic acid: 1 . 92 * (* 38 ) 


CjHBraO, Bromal: 0.72* (>36). 

CjHBrjO:, Tribromoaeetic acid: 1.23* (*36)_ 

CjHClaOj, Trichloroacetic acid: 1.45* (*36), 

C2H1CI2O2, Dichloroacetic acid< 1.36* (*3«), 

CiHjOi, Oxalic acid: 1.46* (*36), 

CjHjBrOj, Bromoacetic acid: 1.33* (*36), 

CaHjClOj, Chloroacetic acid: 1.52* (13«). 

CjHsCljOj, Chloral hydrate: l.le* (*3«) 

CjHsN, Acetonitrile: 2.64* (*3«). 

C2H4Brj,. Ethylene bromide: 1.95* (>3«). 

CjH4Cl2, Ethylene chloride: 2.2i* (>36), 

CjHJj, Ethylene iodide: 1. 56* (>36). 

CjHiOj, Acetic acid: 1.54* (*36). 

CjH*Br, Ethyl bromide: 2.4o* (>38), 

C,HJ, Ethyl iodide; 2.1*6* (>36). 

CjHsNO, Acetamide: 1.5o* (>36). 

CjHsNO*, Ethyl nitrate: 2.2o* (>36), 

CjHsBr, 3-BromopropyIene 2 j 22* (>36), 

CjHfrBrOa, Bromopropionic acid: 1.35* (*36), 

CjHsCL, I, 2, 3-Trichloropropane: 1.76* (?) (<36). 

CjHsI, 3-Iodopropylene; 1.72* (>36). 

CaHjOi, lodopropionic acid: 1.36* (>•«). 

CiHbCIjO, 1, r-Dichlorohydrin: 1.36* (*36). 

C),H«0, Ally] alcohol: 1. 80* (>36). 

CaHeO, Acetone: 19^ Co = 3.4, 10‘A = 2.67D (»»), 

C*H«0,, Propionic acid; 1.62* (>36). 

CjHeO*, Lactic acid; 1.36* (>36). 

CiHiClO,, l-Chlorohydrin: 1.3o* (>36). 

CjHrNOj, Urethane: 1.4i* (>36). 

CjHgOi, Propylene glycol: 1.24* (*36). 

CjHsO*, Glycerol; l.ls* (*36). 

C4H5CIaOj, Ethyl trichloroacetate : 1.44* (*36). 

CiHdO*, Tartaric acid: 0.94* (>36). 

C4H7GIO,, Ethyl chloroacetate : 1.7?* (»36). 

acetate; 2.1o* (*36); ^ l3, I0»A « 2.0D 

(^®). 

C*H,oO, Ethyl ether: 2.0o* (>36). 

C4H10O4S, Diethyl sulfate: 1.56* (>36). 

CiHiBNjOaS, Ethylamine sulfate; 0.92* (*36), 

C*H4N40 j, Uric acid: 1.79* (>36). 

C&H40*, Furfural: 1.7o* (*38). 

1-58* 16°, Co = 0.6, 10*4 - 164 ± 

0.06, Co = 0.2, 10‘A «= 1.56 ± 0.06 (>39). 

2, 3-Duodopentane: 1.67* (>36). 

C*H,,I, Isoamyl iodide; 1.76* (>36). 

CjHiiO, Isoarayl alcohol: 1.34* (>36). 

C«C1», Hexachlorobenzene; 1.3i* (>36). 

CeHaCl4, Tetrachlorobenzene: 1.49* (*36). 

CeHjBr,, Tribromobenzene: 1.49* (>36). 

CftHiBraO, 2, 4, 6-TribromophenoI: I.I2* (>36). 

CoHaClaO, 2, 4, 6-TrichJorophenol: 1.2i* (*36). 

CbBiNjOt, 2, 4, 6-TrirutrophenoI; 1.32* (>36). 

C4H4BrNOj, Bromonitrobenzene; 1.43* (>.3«). 

C*H*Bra, P-Dibromobenzene: 1.55* (>36), 

C4H4CINO1, Chloronitrobenzene: 1.68* (>36). 

CsHaCl], p-Dichlorobenzene: 1.8o* (>36), 

C«H4N204, m- Dinitrobenzene: 1.56* (*3«). 

C4H4N1O*, 2, 4-Dinitrophenol: 1.4o* (*36). 

C«H40 i, Quinone; 1.84* (>36). 

CaHaBr,'Bromobenzene: 1.76* (*36), 

CaHfcBrO, Bromophenol: 1.34* (*36), 

CaHaCI, Chlorobenzene: 2.0?* (*36), 

CaHaCIO, Chlorophenol : 1.32* (*36), 

CaHal, lodobenzene: 1 . 65 * (*36). 

1 ^'‘’■°be“8ene : 1.8i» («a«); 16°, e, -0.8, 10*4 - 

1-7L/ C*®)* 
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CfHsRO., Nitrop^enol: l.Ss* (^36). 

CiHt, Benaene: 16% for co » 2.0, 1.0 and 0.6, 10‘A — 2.12 
± 0.08, 2.2a ± 0.08 and 2.2o ± 0.08, reap. (II) (>2S). 

C.H3rn, Bromoaniline : 1.4i* (*36). 

C3«C1N, Chloroaniiine : 1.37* (136). 

C<H»NtO>, m-NitroaniUne : l.l4* (136). 

C.HiO, Phenol: 1.4* (i»«). 

CcHfOs, Hydroquinol: 1.25* (133). 

C«H,0„ Pyrogallol: l.Os* (136). 

C.H7N, Anilin e: 1.49* (136). 

CtHiCllf, Aniline hydrochloride; l.l9* (i3«). 

CcHisCltOs, Dichloroacetal : I. 63 * (i36), 

CtHiiClOt, Chloroacetal: 1.47* (136), 

C«HuO„ Acetal: 1.96* (136), 

CtHiCIOs, Chlorobenzoic acid: 1.29* (*36)^. 

CyHiNOt, m-Nitrobenzaldehyde ; 1.24* (136), 

C7H(N04, Nitrobenfoic acid: l.ls* (136). 

C7H«0, Benzaldehyde : 1.66* (i^®). 

C7 H«Ox, Salicyl aldehyde: 1.78* (13«). 

C7H«Ot, Benzoic acid: 1.3i* (136). 

CrHtOi, Salicylic acid; 1.2i* (13«). 

C7H.0», Gallic acid: 0.76* (136), 

C7H«0, Anisole: 1.96* (136). 

C7HtN, Benzylamine : 1.2i* (13«). 

C7H14O1, laoamyl acetate: 1.6o* (13«). 

C»Hi04, Phthalic acid: 1.3o* (13«). 

CgHiOi, Phenyl acetate: 1.62* (13«). 

CiHsOt, Anisaldehyde : 1.6o* (136). 

VanUlin: l.Oo* (136). 

CsHsO», Methyl saCcylate : l.Se* (13®). 

Acetanilide: I.60* (*36). 

CgHioHiO, Aoetylphenylhydrazine : I.O4* (136). 
CtH|»Ot!Xylenol: l.Ss* (136). 

CsHioO, Phenetole:'1.8a* (136). 

CfHiN, Quinoline: 1.26* (136); Co = 0.6, 10»A = 1.34 i 
0.06, Co - 0.2, 10»A - 1.29 ± 0.06 (129). 

CoHioOt, Ethyl benzoate; 16% co - 0.7; 10‘A = 1.4E (3».). 
CoHiiRO, Acettoluide: l.Os* (13«)^ 

CioHoBrs, Dibromonaphthalene ; 1.33* (136). 

CtoHoCit, Dichloronaphthalene : I.62* (136). 

CioHiNtOo, Dinitronaphthalene : 1.32* (136), 

CioH7Br, o-Bromonaphthalene; 1.29* (136). 

C10H7CI, o-Chloronaphthalene: 1.38* (136). 

CioH7NOt, o-Nitronaphthalene : 1.6o* (13®). 

CioH*, Naphthalene: 16% co =* 0.2, 10*A = I.60 ± 0.07 (II) 

(139). 

CioHsO, o-Naphthol: l.lo* (i*®), . 

CioHisO, Cumaldehyde; 1.6o* (136), 

CioHuO, Thymol: 1.2o* (136). 

CiiHitHtO, Antipyrine; l.Oa* (136). 

CnH,., Diphenyl; 16°, c. = 0.2, 10‘A = l.Se ± 0.07 (II) (»*»). 
CisHiftOi, Salol: 1.29* (i»«). 

CioHitNO, Aoetyldiphenylamine: 0.98* (136), 

CuHiiN, Dibenzylamine ; 0.84* (i*®). 

\ /• 

CioHiiNiO, Pararosaniline : 1.09*. (13«). 

CibHuOo, Phenolphthalein: 0.78* (i*®). 


DIFFUSION IN ETHYL ALCOHOL 

A-!S-Tablb 

Rn 

Method 

0* I 51 

HCl ; for diffusion in dilute alcohol, v. (6) 



h 


t, °c 

Co (resp. c*) 

lO^A 

Method 

1 Lit. 

8.0 ; 

0.60 

0.84 

II 

(80) 

1 

1 

1 

0.26 

0.88 




0.10 

0.9o 



18.0 

0 25 

l.lo 

II 

(80) 


CO, 


17 


0 


3.2*C-D 


( 120 ) 


For other C%cornpounds, v. the (l^Table injra 


HgCl, 


10 

0.25 

0.64 


(130) 


0.25 

0.4o (in 73% alcohol) 




0.25 

0.29 (in 44% alcohol) 




0.25 

0.3o (in 27% alcohol) 

1 



0.25 

0.52 (in 9 % alcohol) 

1 



0 25 

0.66 (in 2.5 % alcohol) 


1 

h 


AgNO, 


14 1 

0.1 

0.07 

0.41 ± 0.02 

0.41 ± 0.02 

11 


Ca(NO,), 

14 

0.25 1 

0.32 + 0.02 i 

11 



LiCl 


14 

0.6 

0.31 ± 0.02 

II 

(77, 61) 


0.3 

0.34 ± 0.02 




0.15 

0.42 ± 0.02 



20 

0.43 

0.36 ± 0.02 

II 

(77. 61) 


WaOH ; NaCl ; for diffusion in dilute alcohol, v. ( 6 ) 


Nal 


7 

0.2 

0.35 ± 0.03 

II 

(77, 81). 

14 

0.2 

0.41 ± 0.03 

11 

(77, 81) 


0.1 

0.44 ± 0.03 




NaCxHiQi, Acetate 



12 

0.12 

0.35 ± 0.02 

II 

(77.61) 

14 

0.1 

0.38 ± 6.02 

II 

(77, 61) 

C2oH8_iBr40fiNax, Eoein 

20 

0.005 

0.3i ± 0.04 

11 

(97) 


0.0025 

0.27 ± 0.02 


KI 

14 

1 0.09-0.03 

0.47 ± o:o3 1 

II 1 

(77, 61) 

KCzHsOi, Acetate 

14 

0.25 

0.38 ± 0.02 

II 



1 0.20 

0.39 ± 0.02 



0.15 

0.43 ± 0.03 




C>Table (All Data are bt Methpo II and from (9.7) Except 

AS Othebwibe Indicated) 


CHBr,, Bromoform 


1, *C 

Co 

1 10‘A 

11 

1.0 

0.77C 


0.6 

0. 8oC 

20 

1.0 

O.OeC 


0.5 

0.97C 

CHCli, Chloroform 

11 

1.0 

1.19(?) 

.20 

2.0 

1.28B 


1.0 

1.24B 


CH4N,0, Urea 

12 

0.4 

0.-54 ± 0.02t 


t Method 11 (7«). 


CtHClsO, Chloral (in 96 % 


alcohol) 


t. °C 1 

' Co 

10‘A 


20 

2.0 

0.67C 



1.0 

0.6iC 



C,H»NO, Acetamide (in 
96% alcohol) 


u 

6.0 

0.39C 


2.0 

0.4iC 


1.0 



6.0 



2.0 

O.SeC 


IrO 

0 6iC 
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C»H«0, AUyl alcohol 


(, ®c 

Co 


20 

4.0 

0.9iC 


2.0 

O.94C 


1.0 

O.OeC 


C»HaO|, Glycerol (in 96 % 
alcohol) 


11 

2.0 

id 



1.0 




0.5 

iig 

1 

20 

4.0 

0.27 

‘ C to D 


2.0 

0.35 


1.0 

0.4i 



0.5 

0.49 



0.25 

O.60 



CaHaN, Pyridine 


20 

2.0 

l.lsB 


1.0 

l.UB 


0.5 

I.I2B 


CaHioO«, Monoacetin 


20 

4.0 

0.38C 


2.0 

0.46C 


1.0 

0.5iC 


0.5 

O.52C 


0.25 

O.54C 

CsH, 

iiO, Isoamyl alcohol 

20 

6.0 

O.64C 


4.0 

O.69C 


2.0 

O.74C 


1.0 

0.78C 

C4HJ, lodobenzene 

20 

ilH 

O.94A-B 



O.95A-B 



0.98A-B 

C4H1O, Phenolt 

10 

0.1* 

0.64*D 

15 

0.1* 

0.7i*D 

20 

0.1* 

0.8o*D 

CsHiOi, Hydroquinol (in 96% 


alcohol) 

20 

189 

O.47C 



0.48C 


WEM 

0.48C 


C«H«Os, Resorcinol (in 96% 


alcohol) 


10 



0.3oC 

0.3oC 

0.3iC 


1 (**•); Taluot for c*. 



CaHcO). — {CoTUinned) 


t, °C 1 

Co 1 

lO^A 

20 

2.0 

0.4oC 


1.0 

0.4iC 


CsHuO 

3, Acetal 

20 

2.0 

BEaBi 


1.0 

mad 

CtHsOs, o-Hydroxybenzyl 


alcohol 


20 








0.59C 

CtoH7Br, a-Bromonaphthalene 

(in 96% alcohol) 

11 


0.52' 




0.59 


20 


0.69 

B to C 



0.76 

/ 


CioH|«0, Camphor (in 96% 


alcohol) 


10 

2.0 

0 47C 


1.0 

0 52C 

20 

2.0 

0.62C 


1.0 

0.66C 


0.5 

0.68C 

CisHioNs, A^obenzene (in 96% 


alcohol) 


10 

0.1 

O.57C 

20 

0.1 

O.74C 

C14H14O, C^tyl alcohol (in 96% 


alcohol) 


20 

1.0 

0.36C-D 

CisHssOx, Stearic acid 

20 

i89 



Ell 

EB^H 





CmHioOii, Carminic acid (in 
96 % alcohol) 


20 

0.06 



0.03 



CttHs«Nt04, Brucine 


20 

0.125 



0.062 



C»Hi fcNi, Trimethylrosaniline 


20 

0.02 

0.67(?) 


0.01 

0.93(?) 

C14H4TNO11, Aconitine 

20 

IqIgM 

0.27D 


DIFFUSION IN BENZENE 
A-!&-Table 



U ®C Co (reap, c^) 


(«) 
10*A 


Method 


6 

0.25 

1.46B 

II 

(••) 

1 

0.1 

I.47B 


20 

0.1 

I.93B 


( 10 ) 


0.05 

l.OsB 



9 

0.1 

1.62B 

II 

(••) 


C-T^ble, Values of KPAf 

CHBra, Bromoform: 1.62* (*3®); 18®, c# ^ 1.0, 10*A * l.Qa ± 
0.05 (»«). 

CHCli, Chloroform: 2.1i* (**•). 

CHIi, Iodoform: 1.38* (*^®). 

CHtOj, Formic acid: 2.16* (13*). 

CtHiClO), Chloroacetic acid: 1.48* (***). 

CiH4Brs, Ethylene bromide: 1.97* (**•). 

CsHfClt, Ethylene chloride: 2.45* (*36). 

C3HJ2, Ethylene iodide: I.4o* (*36). 

C1H4O3, Acetic acid: 1.92* (*36), 

C1H4CI1, 1, 2, 3-Trichloropropane: 1.72* (*3«). 

CiHsO, Propyl alcohol: I.60* (*3«). 

C*H,oO, Ethyl ether: 2.2i* (*»«). 

CfcHitO, Isoamyl alcohol: 1.48* (*3®). 

CaHjNiOr, 2, 4, 6-Trinitrophenol : 1.39* (*3®), 

CftHiBrNOs, Bromonitrobenaene: 1.38* (*3®). 

C«H3rt, p-Dibromobenaene: 1.37* (*3«). 

C4H4CINOt, Chloronitrobenaene : 1.7o* (*3®), 

C4H4CIS, p-Dichlorobenaene: 1.9o* (*3®). 

CeH4N304, m- Dinitrobenzene: 1.54* (*3®). 

C«H403, Quinone: 1.68* (*3«). 

CeHtBr, Bromobenzene: I.80* (*3®). 

CftH^rO, Bromophenol: 1.34* (*3®). 

C6H6C1, Chlorobenzene: 2.16* (*3®). 

CeHtClO, Chlorophenol: 1.42* (*3®). 

C4HJ, lodobenzene: 1.5o* (*3®). 

CtHiNO], Nitrobenzene: I.84* (•3«), 

CftH^rN, Bromoaniline: 1.4i* (*3«). 

CftHeClN, Chloroaniline: 1.56* (*3«). 


CoHiO, Phenolf 


°c 1 

1 10»A 

Lit. 

5 

1.27* 

(«*•) 

10 

1.39* 


15 

1.64* 


20 

1.68* 


25 

1.84* 



CrHfO, Benzaldehyde: 1.73* (*3®). 

CtHcOj, Salicylaldehyde : 1.78* (*3®). 

CTHtOt, Benzoic acid: 1.36* (*3®). 

CtHeOi, Phthalic acid: 1.37* (*3«). 

CsHiOf, Methyl salicylate: 1.56* (*3®). 

CioHtBri, Dibromonaphthalene: 1.25* (**®). 

CioHiClt, Dichloronaphthalene : 1.4o* (*3®), 

CioH 4N304, Dinitronaphthalene; 1.23* (*3®). 

CioHtBf, a-Bromonaphthalene: 1.3o* (*3®). 

C10H7CI, a-Chloronaphthalenc: 1.2o* (*3®), 

C10H7NO], or-Nitronaphthalene: 1.39* (*••)- 

Ci3ft, Naphthalene: 24®, co « 1.3, 10‘A *» I.22F (*®®). 

C10H13O3, Thymoquinone: 1.2o* (*3®). 

CiiHio, Diphenyl: 26®, co - 0.5, 10 »A « I.ItF (*®®). 
C 14H1JNO, Acetyldiphenylamine: 0.9o* (**®). 

Ci 4H,4, Dibenzyl: 26®, co =« 0.4, 10*^ - l.OoF (*®®). 

t UoleM otherwiM stated, the temperature U 15®C. e* - «>. * % 
values of 10»A have a retiaMUty D, E or F in all determinations by Thovert 
(»»•) 
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DIFFUSIOH in METALS, v, also (>8, 89, 146) and p. 77 


a 

Solvent 

Sc^te 

t, X 

1 

1 

Co (resp. 
■c*) 

10»A 

Lit. 

Bi 

Au 


(?) 

5.2 

(109) 

Hg 

Au 

11 

(?) 

0.8 

(109); (88, 






.89, 146) 


Cd 

20.0 

0* 

1.62o*±O.Ol6 

(29, 32) 



20.0 

0* 

1.44e*±0.0l5t 

(30, 33) 

Pb 

Au 

402 

oa. 3o % 

3.6 

(109) 



550 

ca. 3o % 

3.7 

(109) 


Pt 

492 

(?) 

1.96 

(109) 


Rh 

550 

(?) 

3.5 

(109) 


Th-B i 

340 

0* 

2.6* 

(64) 

Sn 

Ag 

555 

(?) 

4.8 

(109) 


Au 

555 

(?) 

5.4 

(109) 


Pb 

555 

(?) 

3.7 

(109) 


t At 1600 atm. 


DIFFUSION IN VARIOUS LIQUIDS, w. also (S») 

Rn 


8olT«Qt 


i, ®C 

es (resp. 
c*) 

10*A 

Method 


CtHi, Toluene 


I 18 


0* 
Br, 


2.7*D 


Aoetoo 


CtHtO, n-Propjrl alec^iol 
CaHmO. Ethyl ether.. . . 


CkBiiO, leoemyl aleohol 


17 

17 


1.0 

0.6 

0.36 

1.0 

1.0 

0.6 

0.36 

1.0 


3.8e 

2.ee 

a.7i 

0.7i 

a.u 

8.24 

8.2i 

0.4v 


Lit 


(lit) 






II 


II 

II 


(••) 


<••) 

<••) 


N IN VARIOUS LIQUIDS.— ( 

C,HiBr4, 1, 1, 2, 2-Tetr»bromoeth&ae 


Solvent 

(. ^c 1 

CO (resp.- 
c*) 

10*A 

Method 

Lit. 

1. 1, 2. 2- Tetra- 







chloroethane 

0.0 ; 

0.06 






10.0 

1 

0.06 






16.0 

0.06 




/ 9 A a 


26.0 

0.06 



(••> 


36.0 

0.06 






60.0 

0.06 


1 

1 



C,HaO«, Glycerol 


CiHoO, n-Propyl alcohol. . 

18 

l.-O 

2.3s 

11 

(••) 

CtHisO, Isoamyl alcohol. . 

18 

1.0 

0. li 

II 

(••) 


C«H(0, Phenol 


CSi 

19 

0* 

3.4® 


CHQ. 

10 

0* 

1.6* 


CcHioO, Ethyl ether 

19 

0* 

3.6* 


CtHitO, Isoamyl alcohol. . 

19 

0* 

0.2* 



(*>•) 

(!»•) 

(lie) 

(!*•) 


For diffusion in anistropio liquids, e. (>**). 
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PERMEABILITY OF SOLIDS TO GASES 

Frank Porter 


By the permeability of a solid is meant the quantity K in the 

equation = — /Cp# dji^dy, where dm is the mass of gas which 

passes in the direction of z and in time dt through a diaphragm of 
the solid of area (Lrdi/ and thickness Az, the difference in pressure 
on the two sides of the diaphragm (excess on positive side) being 
Ap; the - sign indicates that the flow is in the direction of decreaa- 
ing pressure, p^ is the density of the gas at 0°C and pressure 
*=> A«; dm/p» = volume of dm at 0*C and An. At very low pres- 
sures K may depend upon the pressure (*^). The passage of a 

gas through a porous septum is approximately given by ^ =* — /To 

^ dJidp (' * ), where K» is independent of the nature of the gas. 

In the table, I denotes that the y&lue given is for water vapor when 
one surface of the diaphragm is in contact with liquid water. 

Unit of p V 1 atm.; of 5 » 1®C; of K (metals and rubber) =* 
10-* cmV{8tm.-8ec); of K (glass) KT* cmV(atm..6ec). 


MBTALS 


H>Ctt 

9 1 

K 

Lit. 

500 

3.5 

(•) 

750 

8 



H-Pe 


200 


(IS) 

300 

5 


400 

25 


600 

100 


600 

336 



H-Ki 


400 

0.95 

(') 

500 

3.80 


600 

8.86 1 


700 

23.8 


750 

31.6 



H-Pd 




•(’) 











5750 



H-Zn 

$ 

1 K 

iLit. 

300 

0.4 

1 (’) 


He-Pt-lr 


Scarcely 

appreciable 

up to 

0 

- 1420” (») 



N-MUd Steel 


600 

700 

800 

900 

1000 

1100 


H-Pt 

0.77 
2 0 
4.3 
10.0 

17.1 

30.2 


0») 



0.5 

16 

5.0 

11.6 

(**) 


O-Ag 

0.0032 

(•) 


0.0097 



0.021 



0.057 



0.146 


CO-MUd Steel 


400 

0.5 

(13) 

600 

1.6 


600 

6 


700 

23 


800 

67 


835 

133 



860, K falls suddenly almost 
to gero. 

VULCAinZED RUBBER t 

A 

25 I 0.088 I (4) 


900 


300 


400 


GLASS 

A-SiOit 
14 



H 

$ 

K 

ILit. 

0 

0.12 

(9 

20 

0.30 


26 

0.34 


40 

0.57 


60 

1.02 


80 

1.68 


100 

2.60 



He 


0 

0.076 

(*) 

20 

0.21 


25 

0.22 


40 

0.36 


60 

0.66 


80 

1.08 

1 

1 

100 

1.56 



N 


25 1 

0.054 1 

(♦) 


0 


25 1 

0.160 1 

(«) 

« 

CO* 



H-SiOit.— (Cord’d) 


0 

0.30 

(«) 

20 

0.84 


26 

0.98 


40 

1.77 


60 

3.88 


80 

4.00 


100 

5.30 


CiHiCl 


25 

68 

! (^) 


CH.Ci 


25 1 

6.3 1 

(*) 


H,0 


25 

16 0 

(*) 

25 

35.0(0 



NH, 


25 1 

2.7 1 



Air 


25 1 

0 075 1 

(♦) 


(») 


(») 

(16) 

(IS) 

(•) 



1000 

128 


He-Si04 


200 1 

14 

(«») 

300 

35 

(>•) 

400 

70 

(»») 

600 

157 

(>») 

600 

350 

(••) 

1200 

210 
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PURE PARA RUBBER II 

e = 16“C 


Qas 1 

K/Kb. I 

Lit. 

Qas 1 

! K/Ku 

llit. 

A 

0.19 

(») 

CO 

0.16 

(*) 

H 

1.00 


CO, 

2.5 


He 

0.3 


C,H,OH 

250 


N 

0.11 


H,0 

16.0 


0 

0.35 


Air 

0.17 



* Values for Cu and relative to H are given near end of table, 
t Relative values for pure Para rubber are at end of table, 
t Quarts glass. For H, extreme values are given. 

I V. aUo beginning of table. H e/. vulcanised rubber. 


LITERATURE 

(For a key to the periodioals see end of volume) 

(>) Deming and Hendrioka, f , 4S; 2867; 23. (*) Dewar, 3B6, fll : 813; 18. (>) 

Dom, (73, 7: 312; 06. (*) Edwards and Pickering, 3/A, 14: 327; 20. 33, 

M: 17, 71; 20. (*) Johnson and B\irt, 4S, 6 : 734 ; 22. (*) Johnson and 
Laroae, 1, 44: 1377; 24. (7) Kraus, Brown University, O. (*) Mayer 
3, 4:283; 16. (•) Pilling. 143, 184: 373; 18. 

(>0) Piutti and Boggiolera, 170, 14: 125; 23. (it) Raylei^ and Ramsay, 33, 
184: 187; 95. (**) Richardson, Nicol and Parnell, 3, 8: 1; 04. (*•) Ryder, 

114, 17: 161; 20. 78. 83: 197; 18. (»<) Watson, 4, »7: 810; 10. (i») 

WiUiams and Ferguson, 2, 44: 2160; 22. (>4) WQatner, 3. 48: 1095; 15. 


DIFFUSION IN SOLIDS 


C. H. Desch 


A = Coefficient of diffusion. For definition, see Vol. I, p. 36 


Diffusing system 


Au in Pb 


Au in Ag 


Au (from solid solution) 
in Ag 


Cu in Ni 

Ni in Cu 

Thin W. . .... 

Po in Au 1 

Rflr-B + C in Ag 
Ra-B + C in Au 
Ra-B + Cm Pt. 
Zn in Cu (a) . . . . 


Th-B in Pb 


Po in Pb . . 
Th-B in T1 


C in 7 -Fe 


(, »c 1 

A, cm*/day 

Lit. 

197 

76 X 10-*] 

[ (* ®)» agrees 

150 

43 X 10-* [ 

1 well with 

100 

2+ X IQ-* j 

i (•“) 

935 

11 X 10-" 

( 16 ) 

885 

48 X 10-* 

( 16 ) 

870 

37 X lO-* 

(») 

835 

: 21 X i0“» 

( 16 ) 

916 

62 X 10-‘ 

1 

(*) 

847 

22 X 10-^ 

(*) 

767 

1 11 X io-‘ 

(») 

1000 

1 

o 

X 

(•) 

1000 

65 X 10-« 

(•) 

2027 

95 X lO-o 

(«) 

470 

1 X io-» 

(>^) 

470 

4 X 10-’ 

(”) 

470 

8 X 10-' 

(”) 

470 

3 X 10-' 

(”) 

400 

2 X 10-“ 

(•) 

324 

1 

14 X 10-“ 

(^) 

320 

1 

47 X 10-* 

(^) 

310 

67 X 10-' 


300 i 

25 X 10-' 

n 

280 

16 X 10-' 

D 

1 

260 j 

6 X 10-' 

(^) 

310 

13 X 10-“ 

(^) 

285 

2 X 10-' 

D 

930 

29 X 10- 

(•«) 

930 

17 X 10“* 

O') 


DIFFUSION OF IONS IN CRYSTALLINE SOLIDS 


Na in permutite 
Ag in permutite 
Na in natrolite . 
Ag in Cu,8 


20 

112 X 10-» 

(*») 

20 

164 X 10-‘ 

(12) 

20 

13 X 10-« 

(*») 

1 

1.0 

(») 


X « 


43054 


400-630 


pHrH 


-43 232 
e » 


4i 

where i - velocity of diffusion in cmVm» per hr; p - prese 

of oxygen in mm, h - thickness of silver foil in mm, and T 
temp. (»). 

DIFFUSION OF ZINC IN BRASS 

The values of the diffusion of sine in o-brass are shown in Fi| 
The results may be expressed by the equation A - ( 


Discussion 

The differences between the values for the diffusion of gold in 
silver obtained by Weiss and by Fraenkel (®» !•) on the one hand 
and by Braune (*) on the other may be attributed to the use of an 
alloy by the latter. It seems certain that the coefficient of diffu- 
sion in solids is not a constant, but falls off as the concentration 
of the solid solution increases. This is shown by Fig. 2. Probably 
a similar difference accounts for the discrepancy between the 
results of Tammann and those of Runge for the diffusion of carbon 
in 7 -iron. 



It is possible that diffusion does not pocur in a single ciystal of a 
metal unless the entering atoms are very different from those of 
the crystal. Heveay and Obrutsheva (7) found no diffusion of 
thorium B in a single crystal of lead, che coefficient at a tem- 
perature only just below the melting poiht being certainly less 
than 10-» cmVday. On the other hand, polonium diffused into 
single crystals of lead and into lead foil at about the same rate. 
Geiss and van Liempt («) found no diffusion of either carbon or 
iron into single crystal wires of tungsten, although in the powdered 
condition diffusion occurred readily. Andfe^rs and Dushman (*) 
determined the diffusion of carbon into tungsteq wim, but ’did 
not calculate a coefficient of diffusion. They give a '‘coefficient 
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of penetration/* which ie not identical with it, and Bimil&r empirical 
coefficients are found by Weiss ('«) and by Bruni and Meneghini 
(*) for the systems Cu-Ni, Cu-Au, and Ag-Au. 

UTERATURE 

(For ft key to the periodieale see end of volume) 

(M Andrew* and Duahmftn, 60. W: 462; 26 , (•) Brftune, 7, 110: 147; 24 . (») 

Bruni and Meneghini. 95 , tt: 2; 12, («) Duahcnm and Langmuir, jt, tOc 

K 

0 


113; 32. (■) FHenkel and Houbea, 9S, Uft 1; 21. (•) Q«^ gad i 

liempt, 96, 16: 817; 34. (7) Heresy and Ofarntebvm, 88.118x674; 26. | 
Jenldn. Unlrexvity of SheAeld, q, (*) loh&ra and r-^w^te. 

U: 323; 27. 


(>•) Roberte-Austen, 84. lit A: 388:06. (H) Roafa. 04. lift 208; 20. (<8) 
Sehulae, 7, 86: 168; 16. (*•) Sirorlch and Gartooetl. 64, 61 Hi M; 21. 
(**) Tammann and SohOnert. 9$, 182 : 27; 22. (18) Van Offbmiid and 

Dewey. H. 4. GmL Sureey, iVo/. pop«r, 86 0: 83; 16. (*«) WeteandStany, 
54. Itf: 1402; 22. (*7) Weiteaatein and Dobrowidaka, 6f«4| 824; 28. 
(«•) Dunn, 4, 1826 : 2973. 


HEAT CAPACITY 


Complete Index 

Mechanical equivalent of heat. 

Oases and vapors; 

Liquids and solids. 

ElemeriUiry subsfances. 
Between 0 and 298®K. 
Above 0®C. 

CAemtcoi compounds. 

In the crystal state. 

In the liquid state. 
iSoftxfums and mixtures. 

Metallic. Alloys and 
amalgams. 

Nommetallio. 


Index Complex 

^lquivalent dynamique de la 
chaleur. 

Gai et vapeurs. 

Liquides et solides. 

Svhetances HHneniaires. 

Entre 0 et 298°K 
Au dessus de 0®C. 

Composis chimiquss. 

A r^tat cristallin. 

A r^tat liquide. 

SoliUions et nUlanges. 

Mdtalliquee. Alliages et 
amalgames. 
Non^mdtalliques. 


Oesamt Index Verzeichnib 

Arbeitsfiquivalent der W&rme. 

Case und Dampfe. 

FlQssigkeiten und feste Stoffe. 

* 

Elementare Stoffe. 

Zwischen 0 und 298®K. 
Vher O^^C. 

Chomische Verbindungen. 
Kristalliner Zustand. 
Flliflsiger Zustand. 

Ldsungen und Mxschungen. 
Metalle. Legierungen Und 
Amalgame. 

Nichtmetalle. 


Indicx Complxto 

Pa4S , 

Equivalente dinamioo di 

calore 78 

Oas e vapori 79 

Liquid! e solidi. 

Elemenii. 

Fra0e 298*K 84 

Sopra 0®C 92 

ComposH, 

Alio stato cristallino . . 95 
AUo stato liquido 106 

Sduxioni e miseugli, 

Metalli. Leghe ed 

amalgame 118 

Sostanse non metal- 
liche 122 


MECHANICAL EQUIVALENT OF HEAT 

T, H. Laby and E. O, Herc:u8 


Data based upon electrical measurements have been recalcu- 
lated to the basis of International ohm - 1.00062 X 10» cgsm, 
International ampere (defined by silver voltameter) — 0.999 97 X 
10“» cgsm. International volt (defined by ampere and ohm) - 
l.OCX) 49 X 10* cgsm, Weston normal cell at 20^ « 1.0188 X lO* 

cgsm. Reduction to the 20®C, or the mean, calorie is by CaUen- 
daris formula (*). 

, . 0 SSM. + + 0.0084 ji + 0.009 (4)' 

c = specific heat in gram-calories, t = ®C. 


Value or 1 G Calorie 
Unit - 10^ erg, w - weight assigned 

“ I I 

Observer 


Rowland; Day^ 

Pej-nolds and Moorby*. 

Rispail* 

Griltithsp 

Schuster and Gannon || . . 
Caliendar and Bamea|] . . 
Jaeger and StelnwehrU ■ ■ 
Bousfield and Bousfield|| 
Henning-Sutton $ $ 


w 

6 

2 

1 

2 

1 

3 

3 

1 

1 


20^C 

calorie 

Mean 

1 

calorie 

Lit. 

4.182t 


(4, 9) 


4.18367 

(^) 

4.1801 


(•) 

4.1904** 


(•) 

4.1898tt 


(10) 

4.1795tt 

1 

(«) 

4.1821 


(•) 

4.1767 


(») 


4- 18651111 

(»». 



>*) 


Observer 

w 

20"C 

calorie 

•Moan 

calorie 

Lit! 

Henning-Joly 1 1 

1 


4.1877 

(11, 




1*) 

Weighted mean 


4.1818 

4.1853 

1 

1 

Osborne, Stimson and Fiockll 


4.18811 

(*») 

Laby and Hercus* 


4.1809 

(*^) 


• Direct method, 
t Ab given by Day. 

t Correoted from 1 to 100** to 0 to 100". 

M Electricftl method. 

V Reduced from 15 to 20* by Cftllendftr’t formula. 

•♦Corrected to 20", for dMpUoed air (>•), aad to Casric OftO ISH? - 1-42I6 
X 10* cgsm. 

1 1 Aftftumed preaence of filter paper inereafted depoait by 2 fit 10 000. 
tt Calculated on baala of King'a deierminatioii of their oMla • 1.4284 IntW* 
national volt — 1.43410 X 10* egam, axMl Barnes value: 1.4836. 

1 1 Latent heat of steam. 

BQ Used weights aaaigned by Henning. 

11 ±0 .02 % according to the authors. 


LITBRATURS 

(For a key to the periodlesls see end of volume) 

(»J Barnes. 6, 82 : 890; 09. (*) Bousfield and Boosfisld. 64. 8tl: 199; B. 

(») Caliendar. 64, 218: 1; 12. («) Day, 6, 46: 1; 98. (•) AW* 

23; 94. 64. 184 : 361; 94. 64. 188 : 261; 96. (•) Jaecer and 8t^^"; 
76, 1618: 434. 6. 64: 306; 21, (7) Reynolds and Moorby. 64. 198* 

98. (•) Rispafl, s, 80: 417; 10. (•) Rowland, 66. If: 76: SO. 

(••) Schuster and Qannon. 64, 166: 416; 95. (**) Button, 6, 66: 27; 18. t 

Henning, 6. 68 ; 759; 19. (i •) Oebome. SUmsoo and Flock, 66. 88 : W2; »»■ 

(*«) Laby and Hsrous, 64. 887 : 03; 27. 
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THE HEAT CAPACITY OF GASES AND VAPORS 

A. Leduc 


G<uiTnm 
CoDTemon fMton. 
Abbremti<m8, symbols and 


units. 

Introduction. 

C» and y for the common 
gases at 16® and at low tern- 


Taturee. 


Values of y. 
Values of Op. 
Special tables. 
Saturated yapors. 


CoNVBBsiON Factors 
To convert joule g"* deg“' C 
into g-calu g“' deg“* C or into 
BTUt* lb.~* deg”' F, multiply 
by 0.23896. 

For ccmversion into other 
units, V. Vol. I, p. 24. 


Abbreviations, Symbols and 

Units 

Cp (resp. c,) Heat capacity per 
gram at constant pressure 
(reap, at constant yolun>e). 

Cp (resp. C,) Heat capacity per 
gram>mole at constant pres- 
sure (resp. at constant vol- 
ume). 

Cm (reap. Cm) Mean capacity. 


MATibRBS 

Facteurs de conversion. 
Abr4viations, symboles et 
unit^. 

Introduction. 

Cp, C, et y pour les gaz usueU 
k 16® et aux basses temi>4ra- 
tures. 

Valeurs de y. 

Valeurs de Cp. 

Tables sp^ciales. 

Cas des vapeurs maintenuee a 
saturation. 

Facteurs de conversion 
Pour convertir les C expri- 
m^es en joules g“' deg”' C en 
calii-g deg"' C, ou en 

BTUeo lb."' deg"' F multiplier 
par 0,23895. 

Pour convertir en d’autres 
unites, V. Vol. I, p. 24. 
AbrAviattons, symboles et 

UNITES 

Cp (resp. Cr) Capacity calorifique 
par gramme si^us pression 
constante et & volume con- 
stant respectivement. 

Cp (resp. C,) Capacity calorifique 
par mol6cule-gramme sous 
pression constante et k vol- 
ume constant restycctivement. 
Cm (resp. Cm) Capacity moyenne. 


« - e,. 

y Cp/c. - Cp/C,. 

UnUs: Throughout thU sec- 
tion, unless otherwise indicated, 
the unit of heat energy is the 
joule, the unit of mass, the gram 
(or gram-mole) and the unit 

of temperature, the degree 
centigra^. 


O Cp “ Cf. 

y Cpfc<t CpfC,. 

UnUis: Dans cette section, k 
moins d’indication contraire, 
rumt4 d’^nergie calorifique est 
le joule, l'unit4 de masse le 
gramme (ou la molecule- 
gramme), et la temperature est 
exprimee en degree centigrades. 


IHTRODUCnON 

B^ch of the four quantities, Cp, s and y, is capable of u 
penult expenmental determination and it is sufficient to k 

iKM ^ ^ to calculate the other two, but knowledge 
third serves as a valuable check. 

iif3n^T^^*if*^'^***^***'*°^*^°*“ based upon the m 

urement of the velocity of sound, P, and the relations : 


and 





where d i. the denmty of the gas; e, the specific volume- 
velocity as measured m a tube of radius r S 2 6 cm- AT tl 

'®"«eUon factor ( - ca. 0.65) which depe 
an unknwn ^nner upon the properties of the gas (e.g. up, 
viscosity) and upon the nature of the tube. ' 


(Kirchhoff) 


Inhaltsverzeichnis 
Umrechnungsfaktoren. 
AbkUrzungen, Zeichen und Ein- 
heiten. 

Eiinleitung. 

Cp, Cv und y fur die haufigsten 
Case bei 15® und tiefen 
Temperaturen. 

Werte von y. 

Werte von Cp. 

Besondere Tafeln, 

Gesattigte Dampfe. 


Indice Pao 

Fattori di conversione 79 

Abbreviazioni, simboli e 

uniti 79 

Introduzione 79 

Valori di Cp, Cp e -y per i gas 
comuni a 15® e a basse 

temperature 80 

Valori di 7 80 

Valori di Cp 81 

Tavole speciali 81 

Vapori saturi 83 


Umrechnungsfaktoren 
Um Joule g"' Grad"' C in 
Gramm-califi g~' Grad"' 0 
umzurechnen multipliziere man 
mit 0,23895. 

Fiir Umrechnungen zu 
anderen Einheiten, siehe Bd. I, 

S. 24. 

AbkI^rzunoen, Zeichen und 

Einheiten 

Cp (liezw. Cp) W'armeinhalt pro 
Gramm bei konstantem 
Druck (bczw. bei konstantem 
Volumen). 

Cp (bezw. Cp) Warmeinhalt 
pro Gramm-Mol bei kon- 
stantem Druck (bezw. bei 
konstantem Volumen). 

Cm (bezw. Cm) Mittlere Warme- 
inhait. 

^ Cp Ce« 

7 Cp/Cp *“ Cp/C*. 

Einheiten: Wenri nichts be- 
sonderes angegeben, so ist 
durchgehend in diesem Ab- 
schnitt die Einheit der Warme- 
energie in Joule, die Einheit 
der Masse in Gramm (oder 
Graram-Mol) und die Tem- 
peratureinheit in Centigraden, 
angegeben. 

The quantity 6 is computed from the thermodynamic relation 



In preparing the tables in this section the values of dp/dT, 
dv/dT and dp/dv required in the above equations were obtained by 
one (or more) of the following methods, preference being given in 
the order shown: (1) Accurate values based upon direct measure- 
ment; (2) values deduced from an equation of state known to cor- 
rectly reproduce the observed p, w, T for the gas; (3) values deduced 
from a general equation of state obtained by the author. Method 
(3) was used in the majority of cases. For details, v. (»»f 35). 

Owing to the fact that the available data give, in many instances, 
opportunities for frequent cross-checks, it is not always possible to 
indicate, except partially, the source of all of the experimental 
data upon which the values given below are based. For a critique 
of the experimental data in this field and a discussion of the various 
corrections required, v. ( 35 . 5 ). 


I attori di conversions 
Per convertire i joule g"' 
gradi"'Cin g-cabs g"' gradi"' 
C oppure in BTU«o lb."' 
gradi"' F bisogna moltiplicare 
per 0,23896. 

Per le conversioni in altre 
unit^, vedi Vol. I, p. 24. 

Abbrevxazioni, simbou b 

unitA. 

Cp (oppure Cp) Capacity calorifica 
per grammi sotto pressione 
costante (oppure a volume 
costante). 

Cp (oppure C,) Capacity calori- 
fica per grammimolecola sotto 
pressione costante (oppure 
a volume costante). 

Cm (oppure Cm) Galore specifico 
medio. 

6 Cp “■ c,. 
y Cpfcv “ CplCift 

Vnitd.: In questo capitolo, a 
meno che non sia altrimenti 
indicato, I’unitA di energia 
calorifica k il joule, I’unitA di 
massa, il grammo (o la grammi- 
molecola) e TunitA di tempera- 
tura, il grado centigrado. 
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In aU of the tables given below the quantity recorded is the total 
heat capacity, that is, it includes, for example, any "heat of disso- 
ciation’’ which may accompany the rise in temperature. Con- 
sequently a value given cannot be taken as the “true” specific 

heat of a molecular species unless it is known that a dissociation 
equilibrium is not involved. 

THE COMMON GASES AT 16°C 

p ~ \ atm. 


Gas 

Cp-C. 

y 1 

A 

8.346 

1.668 

Cl, 

8.934 

1.355 

H, 

8.316 

1.410 

N, 

8.349 

1.404 

0, 

8.349 

1.401 

HQ 

8.6O9 

1.41 

SO, 

9.136 

1.29 

H,S 

8.765 

1.32 

N,0 

8.579 

1.303 


Gas 

NH, 
CO 
CO, 
CN 

CH4 

C,H, 

C,H4 

C,H, 

THE COMMON GASES AT LOW 

See also p. 84 
p = 1 atm. (53) 


P 

20.9.3!| 
34 . li 
28.58 
29.04 
29.17 

29.69 

40.64 
36.12 
36. 9i 


| Cp - C 

8.353 
8.822 
8.349 
8.642 
9.O81 

8.387 

8.609 

8.609 
8.734 


1 .4001 
1 3lo 
1.404 
1.304 
1.256 
1.31 
1.26 
1.255 
1.22 


29 2.-> 
37.2*> 
29.04 
36.63 

44.67 

35.45 

41.72 

42.14 

48.65 


TEMPERATURES 


Gas 


A. 

Hr 

He 

N, 

Or 


H,S' 

N,0 


NO 


CO 

00, 

CH4 

CH4 (3T.9) 


C,H, 

C,H4 

C,H4 


i, °c 

-180 

-76 

-181 

-180 

-181 

-76 

-181 

-45 

-67 

-30 

-70 

-46 

-80 

-180 

-75 

-80 

-74 

-115 

-71 

-91 

-82 


C. 


Sign of 
aCp/dt 


1.76? 

1.463 

1.597 

1.660 

1.47 

1.415 

1.45 

1.30 
1.29 

1.31 
1.34 
1.39 
1.38 
1.41 
1.37 

1.34 

1.35 
1.41 
1.31 

1.36 
1.28 


22.2 

26.6 

22.3 
20.9 

30.0 

28.7 

30.6 

39.8 

41.7 

36.8 

35.0 

30.0 

30.7 

30.3 

33.8 
33.8 

33.4 

30.2 

38.2 

36.2 
43.7 


♦ ValuM doubtful. 


12.6 

18.3 

14.0 
12.6 

20.4 

20.3 

21.1 

30.7 

32.4 
28.1 
26.1 
21.6 
22.2 
20.6 

24.7 
26.2 

24.8 

21.4 

29.1 

26.8 

34.1 


+ 

+ 

+ 


+ 


+ 

+ 

+ 

4* 

+ 

+ 

+ 


A 

Br 

a 


VALUES OP 7 = Cp/c, 

A-Table, Elemextary S ubstances and AT MOspni»i.rn Aib 
I I f,°C I . I T.;r 


H, (v. p. 82) 


Hg 

I.. 

K. 


Na 

Ne 


0.3-1. 5 
1 

0.5 

1 
1 
1 
1 
1 

0 . 6-1 
1 
1 
1 

1 
1 
1 


0-100 

20-350 

16 

16 

17 

- 21 
- 78 
-118 
-186 
360 
185 
860 

680-1000 

19 

750-920 

19 


1.67 

1.32 

1.365 

1.34 

1.407 

1.420 

1.443 

1.48o 

1.605 

1.67 
1.30 
1.77 
1.69 

1.68 
1.68 
1.64 


(43) 
(89) 
(23, 45) 
(23) 
(2.5) 


(27) 

(58) 

(65) 

(51) 

(49) 

(51) 

(^») 


^-T AB LE. — (CofUintted) 


Formula 


P 

Xe 

Air (i;. p. 81) 



1 

300 

1.17 

1 

19 

1.66 

100 

- 79 

2.20 

200 

- 79 A 

3.33 

3 

20 

1.41 

1 

926 

1.36 

1 

17 

1.403 

1 

- 78 

1.408 

1 

-118 

1.415 


Lit. 

( 66 ) 

(«) 

(*«) 

(26) 

(64) 

(22, 6i) 

(2.S) 


^"Table, Chemical Compounds 
Formula 


HCl 
HBr 
HI . 
ICl 
SO, 


H,S 


N,0 

NH, 


cs,.. 

SiCL 


Formula 
C^ 
CHCl, 

HCN 


cH , a , 

CH,Br 

CH,C1 

CHJ 

CH 4 O 

Cj&iBr 

C.H, 

C,H4a, 

C,H40 

C , H 40 , 

CjHjBr 

C,HiCi 

CtH, 

C,HeO 

C,H.O 

C.H^Br 

CfHiCl 

C , H 40 , 

C,H7Br 

CiHtCI 

C,H, 

C,H,0, 

OiHio 


Pktm. 

1 

0.3-1. 5 

1 

I 

0.6 

2.5 
1 

0.6 

1 

1 

1 

3.6 

satd. vap. 
0.16 


t, 

9 

y 

1 Lit. 

100 

1.40 ' 

(S9) 

20 

1.42 

(»») 

20-100 

1.40 

(59) 

100 

1.31 

(59) 

20 

1.27 

(54) 

20 

1.36 

(4, 60) 

18 

1.30 

(60) 

18 

1.32 

1(00) 

0 

1.32 

(05) 

100 

1.28 

(60) 

16 

1.31 

(54) 

16 

1.41 

(54) 

99.7 

1.63 

(20, 65) 

14 

L.13 



<t -TABL B» C-C0MPOUND8 
Name 

Carbon tetrachloride 0.1 

Chloroform 0.16 


Hydrogen cyanide 


1 

1 

1 

1 


Dichloromethane I 0.2 

Methyl bromide 

Methyl chloride 0.8 

Methyl iodide 0.3 

Methyl alcohol (C 

62.3) 1 

Bromoethylene 0.6 

Ethylene 

1, 2-Dichloroethanc I 0.06 

0.2 

Acetaldehyde 1 

Acetic acid 1 

Ethyl bromide 0.3 

Ethyl chloride 0 . 3-0 . 6 

Ethane 1 

. 1 

Ethyl alcohol (Cp 

78.3) 1 

Methyl ether 1 

Allyl bromide 0.1 

Allyl chloride 0.2 

Methyl acetate ca . 1 

Isopropyl bromide 0.23 

n- and wt^Propy 1 chloride 


1 2C 

U.13 

(4,02) 

20 

>1.16 

(*) 

100 

1.16 

(50) 

66 

1\31 

(03) 

140 

1.28 

(02) 

210 

1.24 

(02) 

18 

1.22 

(*) 

18 

1.27 

(*) 

16 

1.28 

(*) 

20 

1.286 

(*) 

77 

1.20fl 

(“) 

15 

1.20 

(*) 

100 

1.18 

(05) 

19 

1.137 

(«) 

23 

1.134 

(*) 


301.14 
136 1.15 
14 1.19 
16 1 . 19 
601.21 
1001.19 


0.1 

Propane. | 0.6 

Methylai 


1 

1 


Isobutane ca.l 


90 1.13 
6-301.11 
161.145 
141.137 
ca.161.14 
12 1.13 

21 1.13 

161.13 
131:66 
401.09 

ca.l6Ml 


(65) 

(”) 

(^) 

(^) 

( 10 ) 

( 10 ) 

(11,42) 

(29) 

(*) 

(*) 

(*) 

If) 

(*) 

(^) 

(29) 

(29) 

(•) 


HEAT CAPACITY— GASES 
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(T-Table. — {C<mtinued) 


Formula | 

j Name 

1 

P « tat . |f» ^C 

1 y 

Lit. 

CiBwO 

Ethyl ether (Cp 

- 116 . 3 ) 

1 

35 

1.08 

(SO) 




1 

80 , 

1 . 086 

("■«) 

CeHu 

Cyclohexane . . . 

1 

1 

80 

1.08 

a) 


c. 

i 

y 

1 Lit. 

C»Hu 

n^Pentane .... 

[ 

123.5 

86 

1.086 

(11,42) 

C 4 H. 

Bensene 

1 atm. < 

106.3 

90 

1.10 



a-Hexsine 

1 

131.4 

i 80 

1.08 

'(11) 


VALXTES OP Cp AT < AND OF Cp, MEAN, BETWEEN h AND 


Elkments and Inorganic Coicpounds 


Formula 

1 

PmfLm. 

£, ®C 

Cp 

Lit. 

Br 

1 

83-228 

0.23o 

(50) 


1 

19-388 

0-230 

(99) 

I 

1 

206-377 

0.141 

(59) 

HCl 

1 

6 


0 . 774 

(50) 

HBr 

1 

11-100 

0.343 

(59) 

la 

1 

100-203 

0.213 

(59) 

SO* 

1 

10-190 

0.561 

(50) 

H,8 

1 

10-190 


(61) 

BOjCl* 

1 

19-98 


(61.5) 

•N,0 

1 

25-100 


(SO) 


1 

25-200 


(60, 66) 


11 



(37) 


31 


1.172 

(37) 

NO 

1 

10-180 

0.971 

(60) 

NO.; ». obo (»».•) 

1 

27-67 

6.78 

(1.6) 


1 

27-100 

6.11 

(1.6) 


1 

27-150 

4.666 

(1.5) 


1 

27-200 

3.56 

(1.5) 

1 

1 

27-300 

2.68 

(1.5) 

pa, 

« 

1 

110-250 

0.565 

(SO) 

AtOlft 

1 

160-270 

0.469 

(50) 

CCI 4 

1 

0 

0.586 

(38) 


1 

30 

0.562 

(38) 


1 

70 

0.481 

(38) 

cs, 

1 

80-190 

0.657 

(50) 


0.3 

17 

0.657 

(60) 

Sia, 

1 

00-230 

0.652 

(60) 

TiCU 

1 

160-270 

0.540 

(60) 

Sna4 

1 

140-273 

0.393 

(50) 


FonnulA 

CHa, 
CH* 


Organic CokCPouNDS 


CH4O 

C.H4 


C*H4C1, 

CtH4Cli 

CtHiOi 


CtHiBr 


" - ® - 1 

Chloroform . . 

1 ] 

1 

1 

27-118 

r 1 

0.607 


1 

120-230 

0.657 

Methane 

1 

10-200 

2.482 


11 

30-94 

2.620 


31 

30-94 

2.9O0 

Methyl alcohol 

1 

100-223 

1.917 

Ethylene .... 

1 

15-100, 

1.67 


1 

25-200 

1.80 


11 

30-9% 

1.70 


31 

30-94 

1.88 

1, I'DichloroeUiane. 

1 

110-220 

0.963 

Ethylene chloride. 

1 

111-221 

0.96 

Aoetto acid 

1 

115-140 

6.28 

a 

1 

140-180 

j6.3i 


1 

180-220 

|3.98 


1 

220-260 

2.67 

Ethyl bromide 

1 

28-116 

0.674 


1 

80-'200 

0.795 


Lit. 
( 66 ) 
(60) 

(9, 50) 

(»^) 

( 37 ) 

(60) 

(60, 66) 

( 66 ) 

(37) 

(37) 

(SO) 

(50) 

( 1 . 6 ) 

(1.5) 

( 1 . 6 ) 
( 1 . 6 ) 
( 66 ) 
( 60 ) 


Organic Compounds. — {Coylintied) 


Formula 

1 Name 

i 

1 i. "C 

1 

1 Li' 

CiHiCl 

Ethyl chloride 

1 1 

10-170 1 , 1.5i 

' rso) 



1 

15-100 1.02i 

(20) 

CJIaO 

Ethyl alcohol 

1 

100-223 '1.90 

i fSO; 

CiHiN 

Ethyl cyanide 

I 

114 yJs'l.TS.'i 

: fSO) 

C,H 40 

Acetone 

1 

26- -1 o' 1.45' 

S 

, ''50, 



1 

130-230.1. 72 J 

I (50) 

C4H,0, 

Ethyl acetate 

1 

lU)-220' 1.678 

; ^50) 



1 

35-189 1 .65.3 

1 (66; 



1 

35-113 

I. 4 I 0 

! (6«J 

C*HioO 

Ethyl ether 

1 

35 

1.862 

: (30; 



1 

27-189' 1.933 

' 

1 


1 

69-224 2.01 

I (50. 



1 

,200-300 

,2.23i 

(55) 



0.28 

16 

1.92 

(60) 



0.28 

350 

|2.51 

(60) 

C 4 H 10 S 

Diethyl sul6de 

1 

120-223 1.67 

(SO) 

CjHio 

Amylene 


ca. 210 

2.64 

(>^) 

C 4 H 1 , 

Isopentane 

1 

68 

1.88 

(64) 


1 

1 

100 

1.97 

(*) 

C.H 4 

Benzene 

1 

80 

1.09 

i (30) 



1 

34-115 

1.26 

(66) 



1 

35-180 

1.39 

(66) 



1 

100 

1.39 

(D 



1 

120-220 

1.55 

(50) 

C 4 H 1 , 

Cyclohexane 

1 

100 

1.73 

(D 

CioHie 

Terebenthene | 

1 

180-260 

2.12 

(60) 


SPECIAL TABLES 
Atmospheric Air 


Effect or Temperature 
p = 1 atm. (2» »» l«» 46, 48) 


f, ®c 

Cp C 9 

y 


C.I, 0 to f® 

0 

0.2883 


1.004 

1 1.004 

100 

0.2882 


1.006 


200 

0.2876 

1.398 



400 

0.2871 

1.393 



600 

0 . 287i 

1.385 



800 

0.2871 

1.376 


1.025 

1000 

0.2871 

1.366 

1.076 

1.034 

1200 

0.2871 

1.353 

l.lOi 

1.042 

1400 

0.2871 

1.341 

1.13o 

I.O60 

1600 

0.2871 

1.329 

. I.I60 

1.063 

1800 

0.2871 

1.316 

1.193 

1.076 

2000 

0.2871 

1.303 

1.234 

1.088 


Effect of Pressure 
Values of Cp above 0® (® 2 ) 


P%Ua* 

0® 

1 60® 

100® 

160® 

1 200® 

1 280° 

20 

1.04? 

1.038 


1.034 

1.03o 

1.034 

60 

I.II3 

1.088 


I.O69 

l.OSo 

1.042 

100 

1.172 

1.138 

HBkW 

1.088 

1.076 

1.065 

140 


I.I80 

! 1.138 

Ills 

1.092 

1.06s 

180 


I.2I4 

1 

1.168 

1.134 

I.IO9 

' 1.076 

220 


1.239 

1.189 

1.161 

1.122 

1.084 


Values of Cp below 0® (47) 
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Atmospheric Air. — (Continued) 
Values of y 


Pstm. 

0 

O 

-79.4® 

( 26 ) 

( 67 ) 

( 26 ) 

ft 

( 67 ) 

25 

1.47 

1.47 

1.57 

1.58 

50 

1.63 

1.53 

1.77 

1.79 

75 

1.59 

1.58 

2.00 

2.06 

100 

1.65 

1.64 

2.20 

2.30 

125 

1.69 


2.40 


160 

1.74 

1 

2,47 max. , 


175 

1.78 

1 

1 

2.41 


200 

1.83 


2.33 



Values c,, Mean, 15-100® (2>) 


d, g/cm> 

0.01 

0.03 

p = 1 atm. 

c» 

0.719 1 

0.72i 

0.717 



H,, Hydrogen; c/. (®®) 


t, ®C 

(5, 46, 57) 

Cp 

y 

c., 

0 - f® 

f, °K 
(12) 

c. 

0 

28.58 

1.410 

28.68 

35 

12.47 

100 

28.92 

1.404 

28.75 

6a 

12. 6o 

200 

29. 2i 

1.398 

28.93 

65 

•12.72 

400 

29. 8o 

1.387 

29. 2i 

80 

13.14 

600 

30.38 

1.377 

29.60 

90 

13.64 

800 

30.97 

1.367 

29.80 

100 

14. 3i 

1000 

31.5fi 

1.358 

30.09 

no 

16.15 

1200 

32.14 

1.349 

30.38 

196.5 

18.37 

1400 

32.73 1 

1.341 

30 . 68 

273.1 

20.26 

1600 

33. 3i 

1.333 

30.97 



1800 

33 . 9o 

1.325 

31.26 



2000 

34.48 

1.318 

31.65 




Ot» N} and CO 

For best values at 0®, v. p. 81; see also Fig. 2. The following 
values are from Partington and Shilling 


f®, C 

Cp - c. 

y 

Cp 

0 to <® 

0 

8.363 

1.402 

29.17 

29.17 

100 

8.333 

1 

1.399 

29. 2i 

29.19 

200 

8.324 

1.396 

29.29 

29.28 

400 

8.324 

1.391 

29.63 

29.34 

600 

8.320 

1.383 

30. Oi 

29. 5o 

800 

8.32o 

1.376 

30. 6i 

29.67 

1000 

8.316 

1.365 

31.14 

29.92 

1200 

8.316 

1.353 

31.85 

30.17 

1400 

8.316 

1.342- 

32.64 

30.47 

1600 

8.316 

1.329 

33.56 

30. 8o 

1800 

8.316 

1.316 

34. 6i 

31.18 

2000 

8.316 

1.303 

35.74 

31.55 


For Nil ~ +3.17 X 10~^ +6.3 X 10“*P g-calu/mole. 

\ C, = 4.82 + 3.3 X 10^ + 4.7 X 10"^ g-calu/mole. 

For O, / ^ + 6-7 XIO-V g-calu/mole. 

\ C, * 4.98 + 2.1 X 10“*f + 6.6 X 10“V g-calu/mole. 

H,0 

V ABLATION OF C, WITH TeUPERATURB AND PbkSSUHE (17, 25) 


t, ®C I 1 atm. I 2 atm. | 4 atm. | 6 atm. 1 10 atm.|l4 atm.|20 atm. 


100 

'2.017 





1 A A V AAA*| 


120 

1.996 

1 

, 2.09a 


1 




140 

1.984 

2.046 

1 





IflO 

1.97« 

2.02i 

2.155 

2.356 




180 

1.97i 

2.005 

2.101 

2.226 

2.645 



200 

1.97i 

1.996 

2.067 

2.151 

2. .381 

2.806 


260 

1.96o 

1.996 

2.034 

2.07a 

2 155 

2.264 

2.46i 

900 

1.996 

2.009 

2.034 

2.059 

2.109 ' 

2.169 

2.247 


HiO. — (Conftntied) 

Variation of Cp wjth Tempebaturb and Pbbssubb 


t, ®C I 1 atm. I 2 atm. | 4 atm. | 6 atm. 1 10 atm.{14 atm.|20 atm. 


350 

2.021 

2.025 

2.051 

2,06i 1 

a. 10 # 

a.i 4 i 

2. 214 

400 

2.051 

2.059 

2.076 

2.093 

2.12a 

2.155 

2.206 

450 

2.084 

2.093 

2.113 

2.118 

2.139 

2.164 

2 . 2 O 1 

600. 

2.422 . 

2.126 

2.134 

2.143 

2.169 

2.170 

2 . 2 O 1 

650 

2.156 

2.169 

2.164 

2.168 

2,18o 

2.189 

2 . 2 I 0 


Variation of Cp with Tbmpbraturb for p « 1 Atm. (1*) 


<. “C 

200 

400 

600 

800 

1000 

1200 

1400 

Cp , 

1.946 extrap. 

1.98o 

2.055 

2.172 

2.335 

2.544 

2.706 


“Be8+’ Values for p * 1 atm. (<7) 


u "C \Cp - C.I 

■V 

C. 

<1 "C i 

|C, - c. 

y 

1 c. 

100 

8.927 

1.324 

‘27.64 

1000 

8.328 

1.26a 

33.06 

200 

8:550 

I. 3 I 0 

27.68 

1200 

8.324 

1.229 

36. 4i 

300 

8.424 

1.304 

27.66 

1400 

8.320 

I. 2 O 0 

40.47 

400 

8.378 

1.301 1 

27.8s 

1600 

8.320 

I.I 82 

46.3a 

500 

8.367 

1.296 

28. 2i 

1800 

8.320 

1.168 

42.56 

600 

8.346 

1.29o 

28. 80 

2000 

8.320 

1.155 

54. 2o 

700 

8.337 

1.28a 

29.56 

2200 

8.320 

1.148 

56.29 

800 

8.332 

1.278 

30.65 

2300 

8.320 

1.146 

56.79 

900 1 

1 8.328 

1.263 

31.68 







Mean Cp between 100 and t' 


f, “C 

1000 

1250 

1500 

1760 

2000 

Cp, 100-f® 

28.96 

30.13 

31.39 

33.06 

35.24 



2600 3000 

37.flal40.Oo 45. 4_l 


Cn FOR 


Slightly Under-Satubatbd Vapob^ (*0 


99.1 

119.6 

142.9 

169.6 

1 

2 

4 

8 

2.017 

2.088 

2.23i 

2 . 5 I 1 


187 


f, ®C 

pf kg/cm* 

Op 

• These values are not in acreement with those calculated thennodynaioi**®^ 
from the temperature coefficient of the latent beat. 


2.817 


‘‘Best'' Values for the Satubatbd Vap<^ 

+ 37^ 
1.378 

1.380 

• This is consistent with Nevreneuf’s value of the velocity of sound {* 1 


t, ®C 



100 

1.816 

1.318 

120 

1.87i 

1.356 

140 

1.971 

1.422 


4i 


Best” Values for thb Superheated Vapor 


p, atm. f, ®C 

100 

120 

140 

1 150 

1 1 ^ 

1.816 

1.83a 

1.876 

1.93 

1 y 


1.365 

1.346 

1.33 
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HtO. — {Continued) 

“Best” Values por the Superheated Vapor. — {Cordd) 


p, atm. 1 

f. ®C 

100 1 

120 1 

140 1 

150 

160 

2 



1.87i 

1.913 

1.959 

2.026 


y 


1.37* 

1.36 

1.344 

1.326 

3 


1 

1 

1.959 




y 

i 


1.37 

1.356 

1.34 

4 

Cp 

1 



2.026 

2.076 


y 


♦ At lao® 


1.37 

1.35 


BH, 

Variation of c, with Temperature and Pressure 


PtAm, 

t, 

0 

1 

2 

4 

8 

12 

16 

20 

Satd. 



2.483 

2.701 

1 

ar.o3o 

3 . 3 O 0 

3.66i 

3.843 

-30 

2.020 



1 

1 


i 



-10 

2.043 

2.196 

2.386 

1 





0 

2.067 

2.178 

2.314 

2.657 





+20 

2.086 

2.159 

2.244 

2.446' 

2.988 




40 

2.116 

2.167 

2.252 

2.350 

2.665 

3.078 


1 

60 

2.149 

2.186 

2.226 

2.318 

2.61& 

12.759 

3.068 

3.448 

80 

1 

2. 184 

2 . 2 I 2 

2.242 

2.306 

2.446 

2.605 

00 

3.008 

100 

2.22o 

2. 214 

2.265 

2.312 

2.415 

2.528 

2.652 

2.792 

120 

2.256 

2.274 

2.298 


2.409 

2.492 

2.582 

2.679 

150 

2.294 

2.327 

2.34o 

2.308 

2.422 

2.48i 

2.54o 

2.608 


Mean of (^3 and ±10% 
309* \ 422* 



523 


C, 

41.4 

1 

43.9 

47.08 

Cp 

» V .... 

2.43 

2 59 

2.76 



iNenwt (41) gives C, - 8.62 ± 0.002i + 7.2 X g-calu/ 

mole. Range 0 to 680®. 

For very high temperatures Budde (3) gives the equation Cp 

•* 11.8 + 0.024 X (t — 1400), K-cali»/mole. This iiives 11.8 at 
1^® and 21.4 at 2200®. 

CO, V. p . 86 
CO, 

Effect of Temperature at p * 1 Atm. (3. <») 

Cp - 6.63 + 5.54 X lO"** - 2.47 X lO"*!* + 4.7 X 10-'®<». g- 

cali,/mole (**) 

t, ®C 

0 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1000 
2000 

Between 


8.600 

1.310 

36.33 

8.429 

1.281 

38.38 

8.374 

1.263 

40.18 

8.349 

1.247 

42.18 

8.337 

1.235 

43.82 

8.328 

1.225 

45.24 

8.324 

1.217 

46.60 

8.324 

1.210 

47.86 

8.320 

1.204 

49.01 

8.320 

1.200 

50.01 

8.320 

1.195 

50.80 

8.320 

1.192 

51.68 

8.314 j 

1.189 

52.40 

8.314 ! 

1.186 

53.02 

8.314 

1.184 

53.61 

8.314 

1.181 

54.20 

8.314 

1 . 179 

64.74 

8.314 

1.177 

55.28 

8.314 

1.176 

55.83 

8.314 

1.173 

66.33 

8.314 

1 171 

1 56.92 


0 -< 

36.33 
37.37 
38.25 
30.09 
39.92 
40.76 
41.43 
42.27 
42.98 
43.69 

44.24 
44.78 

45.24 
45.73 

46.24 

46.75 
47.21 

47.75 

48.25 

48.76 

49.26 

U - 22 X 


COf. — {Continued) 

Variation c, with Pressure, ^ > 0» 0 (37.2) 

dp d I 

For data near the critical point, v. (1 ) 


Patm. 

13.2® 

38® 

67.6® 

98.1® 

1 114.9° 

24.26 


1.205 

1.030 



64.1 

3.06 

1.364 

1.15i 



61.7 

3.72 

1.833 

1.352 

1.327 

1 310 

68.2 

4.70 

2.369 




76.8 

6.16 

3.059 

2.026 

1.93 

I. 6 I 1 

85.4 

8.83 

4.164 


2.498 

2.226 

86.9 



2.69i 



P.Un. (>®) 

- 10 ° 

0 ® 

+ 10 ° 1 

20 ° 1 

30® 

20.5 

I. 2 O 1 

i 1.159 

! 1.117 


1.03o 

27.3 


1.38i 

1.289 

1.193 

1.068 


VaRI.\TION of C, with AND d (31) 



d = 

= 0 . 124 g/cm* 

d =0.18 g/cm* 

f, ®C 

10 ! 

60 

100 

50 

100 

. . • . 

0.933 

0.824 

0.795 

0.866 

0.862 

d, g/cm* 


0.0387 

0.077 

0.118 

0.144 

cm, 12-100® 


0.717s 

O. 77 O 0 

O. 8 II 9 

0.8457 


CH 4 , Methane (®) 


f, ®C 

Cp - C. 

y 

c. 


0 

8.403 

1.307 

36.78 

35.78 

100 

8.353 

1.232 

44.36 

40.05 

200 

8.337 

1.188 

52.61 

44.36 

300 

8.328 

1.160 

60.47 

48.42 

400 

8.324 

1.139 

68.01 

52.40 

500 

8.324 

1.126 

76.12 

1 66.26 

600 

8.320 

1.113 

81.90 

69.97 


CH,C1 and C,H,C1 (30f *«) 
Variation of Cp with t and p 



OtSlfOl 



CH.Cl 

0.137 

1.37 

' 2.74 

1 

0.68| 2.72 

6:46 

8 2 

-30 

0.88 




0.84 




0 

0.92 




0.88 

1 



. 

+40 

1.00 

1.02 

1.03 

+30 


0.93 

0.96 

1.01 

80 

1.06 

■wirn 

1.13 


0.95 

0.06 

1.00 

1.04 

110 


1.13 

1.17 


0.97 

1.00 

1.03 

1.07 


SATURATED VAPORS 

Values of c., the heat required to heat the vapor through 1®C 
and maintain it in the saturated condition, joule per g/deg C. 


H,0 


(C,H4),0 


f, ®C 

58 

93 

148 

0 

120 

c, 

-6.9 

-6.0 

-0.33 

0.485 

0.657 


CaHa, Benzene 

H, 

f. ®C 

0 

120 

210 

-267.24 

-262.7 

c 

-7.34 

0 

0.48 

-23.2 

-16.8 
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THERMODYNAMIC QUANTITIES : VALUES OF THE HEAT CAPACITY, ENTROPY, HEAT 
CONTENT AND “THERMODYNAMIC POTENTIAL” FOR PURE SUBSTANCES 

BETWEEN 0 AND 298°K 

W. H. Rodebush and Esther Rodebush 


Contents 

Heat capacity of elementary 
substances. 

Entropy, heat content and 
“thermodynamic potential” 
for pure substances between 
0 and 298°K. 

Introduction 

Unless otherwise indicated, 
the values given in this section 
apply in all cases to the form 
which is stable under 1 atm. 
pressure at the temperature in 
question. 

In all cases, the mass unit is 
the gram-formula-weight, the 
energy unit is the joule, and the 
temperature unit is °K. The 
pressure is 1 atmosphere. 

In all cases, the value of each 
of the quantities tabulated is 
assumed to be 0 at 0®K. 

The number of units uncer- 
tain in a given place of signifi- 
cant figures is indicated by the 
number of bars over the figure 
in that place, one bar indi- 
cating ± 1 to 3 units, two bars, 
+ >3 units. 

Cp Heat capacity per gram- 
formula-weight. 

S Entropy, 

// Heat content. Computed 
from heats of formation 
in the case of compound.s. 


Mati^res 

Capacity calohfique des sub- 
stances 4Umentaire8. 

Entropie, chaleur totale et 
“potentiel thermodynami- 
que” pour les substances 
pures entre 0 et 298®K. 

Introduction 

A moins d^une autre indica- 
tion, les valeurs donn^es dans 
cette section se rapportent dans 
tous les cas & la forme qui est 
stable sous tme preasion d’une 
atmosphere & la temperature en 
question. Dans tous les cas, 
I’unite de masse eat le poids 
moieculaire, I’unite d’^nergie 
est le joule, et I’unite de tem- 
perature est le degre K, La 
pression est 1 atmosphere. 

Dans tous les cas, la valeur 
concemant chaque quantite 
mentionnee est supposee etre 
0 k 0“K. 

I^ nombre d’unites incer- 
taines ^ une place donnee des 
chiffres significatifs eat indique 
par le nombre de ban^ se 
trouvant sur le chiffre k cette 
place, une barre indiquant ± 1 
k 3 unites, deux barres, ± > 3 
unites. 

Cp Capacite calorifique par 
molecule gramme. 

S Entropie. 

H Chaleur totale. Galcuiee 
k partir des chaleurs de 
formation dans le cas des 
composes. 


Inhaltsverzeichnib 
Warmekapazitat elementarer 
Stoffe, 

Entropie, Warmeinhalt und 
“thermodynamisches Poten- 
tial” fUr reine Stoffe zwischen 
0 und 298®K. 

Einleitunq 

Wenn nichts anderes ange- 
geben, so beziehen sich die 
gegebenen Werte dieses Ab- 
schnittes in alien F^len auf die 
bei 1 Atm. und der fragUchen 
Temperatur, stabile Form. 

In alien F&llen ist die Men- 
geneinheit das Granunfonnel- 
gewicht, die Einheit der Energie 
ist Joule und die ftir die Tem- 
peratur ist ®K. Der Druck ist 
1 Atmosph&re. 

In alien F&Uen wird angenom- 
men, dass jede Grdsse, welche in 
der Tabelle angegeben ist, bei 
0®K selbst Null ist. 

Die Zahl der Einheiten die 
an einer gegebenen Stelle einer 
gewerteten Zahl iinsicber sind, 
werden durch die Anzahl von 
Strichen Uber der Zahl an 
dieeer Stelle angezeigt. Fin 
Strich bedeutet ± 1 bis ^ Ein- 
heiten, zwei Btriche ± mehr 
wie 3 Einheiten. 

Cp Wfirmekapazit&t pro 
Grammformelgewicht. 

S Entropie. 

H Warmeinhalt. Berechnet 
aus der Bildungsw&rme 
im Falle einer Verbin- 
dung. 


Indice Paob 

Galore specifico degli de- 
menti 85 

Entropia, capacity termica 
e "potenziale termodina- 
mico” di corpi puri fra 
0e 298^K 87 

Intboduzione 

I valori riportati in questo 
capitolo si riferiscono (a meno 
che non sia altrimenti* indicate) 
alia forma stabile a presaiono 
atmosferica e alia temperatura 
in questions. 

In tutti i casi I'unitA di 

massa k la grammimolecola, 

I’unit^ di energia il joule e 
Vunitk di temperatura il 
La presaione k 1 atmosfera. 

In tutti i casi il valore delle 
quantity riportate nella tabella 
6 supposto essere 0 a 0°K* 

Le unitA di cui d kicerto un 
determinato numero significa^ 
tivo, sono indicate dal numero 
di linee stampate sopra Is cifra 
stessa. Una Unea indica i 
1 a 3 unit&, due linee ± > 
unit4. 

Cp Galore specifico per un pe^ 

in grammicorrispoudente 

aIIa. formula. 
jS Entropia. 

H Capacity termica. Com- 
putata, nel caso di com' 
postL dai calori di forma- 
zione. 


HEAT CAPACITY OF R 

BETWEEN 


WAB'8 Valuss of Mean 

77.4 AN 


Joules per g 


As, 

7.67 

Cl, 

13.40 

Mn, 

4.94 

Au^ 

12.4 

Co, 

4.77 

Mo, 

5.37 

B, 

0.94 

Ct, 

2.76 

Ni, 

4.77 

Ba, 

ia .8 

Cs, 

26.7 

Os, 

6. -82 

Bie, 

0.49 

"Di,” 

18.14 

Pd, 

7.95 

Bi, 

17.76 

Ir, 

7.63 

P(r), 

6.23 

Br, 

14.15 

La. 

18.0 

P(y), 

9.37 

Ce, 

18.18 

Li, 

6.27 

Pt, 

10 . '3 





Rb, 

23.65 


Rh, 5.4 
Ru, 4.35 
Se, 11.19 
Sr, 18.84 
Te, 14.4 
Th, 17.95 
Ti, 3.84 
U, 12.9 
Zr. 9 33 


U, 

Zr, 


A-Table. — Elementary Substances 
Molecul&r heat capacity, joules p>er gram-formula-^ 

Argon 

r, “K I c, 

^Ud («) 


C, Graphite (i®) 


15 

6.3 

21 

14.7 

30 

18.8 

36 

22.8 

46 

24.7 

60 

27.6 

76 

31 4 


Liquid (•) 

84 to 88 I 44.0 
Gas (12) 


90 

100 

150 


22.5 

22.2 

22.0 


T, 

Cp 

20 

0.1 

30 

0.25 

40 

0.4 

50 

0.6 

60 

q.75 

70 

1.0 

80 

1 Is 

90 

1.4o 

100 

16 

160 

3.2 

200 

5 0 

250 

6.85 

300 

8.6 


A/VA 


Ct Diamond ( 20 ) 


T 

;i!i' 


Ag (», 10, 20) 


20 

30 

40 

50 

60 

70 

80 

00 

100 

150 

200 

260 

300 


1.7 

4.^5 
8 . 6 s 
11.1 
13.0 
15 0 

17.6 

10.6 
20 . Os 
23.16 
24.56 
24.66 
25.36 


90 

100 

125 

150 

175 

200 

250 

300 


0.04 
.26 
.8 
14 
2.0 
2.5 
4.2 
6 28 


Ca (4, 10 ) 


A1 (», 20, II) 


20 

30 

40 

60 

60 

70 

80 

90 

100 

150 

200 

250 

300 


0 3 
1.1 
2.5 

3 . 6 o 

5 .S 5 
7.76 
0.?5 
11 5 
12.6 
18.1 
21 .is 
23.5 
24 3 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

150 

200 

260 

300 


0 0 76 

» 2.1 

to 4.0 

to 7 15 

>0 16 26 

so 13.1 

'0 15.6 

» 17.8 

K) 15.1 

K) 20 4 

» 24.0 

K) 23.36 

>0 25.66 

>0 23.0 


Cd Ct 28) 



20 

30 

40 

50 

60 

70 

80 

00 


3.2 
6.6 
11 5 
16.0 
17.5 
19 36 
30 68 
21 .3 


Cd.— (CoTi/’d) 

T, °K 

Cp 

100 i 

22 25 

150 

24.2 

200 

25 Ts 

250 

25 75 

300 

26 2 

CI 2 , Solid (7) 

22 

10 . 0 

30 

17 6 

36 

2 T .8 

40 

26 4 

45 

29.7 

52 

32.7 

80 

39.8 

90 

41. s 

100 

43.1 

no 

44.7 

150 

65 6 

155 

54.8 


Fe (•) 


30 

40 

50 

60 

70 

80 

90 

100 

150 


0 6 
2.2 
4.16 
6 1 
7.8 
9 36 

11.5 
12 9 

18. 5 


Wd) 
C,_ 
21 8 
23.8 
25 2 



He 

(2.5) 

Hj, SoUd 

(16, 31) 

12 

4 18 

Hi, Liquid 

(6, 16, 31) 

15 to 21 

1.38 + 


O.SeoT" 

Hi, Gas (5) 

30 

26.8 

40 

20 8 

50 

20 8 

60 

20.8 

70 

21 .1 

80 

21 .6 

90 

22.2 

100 

22 8 

150 

25,3 

200 

26 8 

250 

28.0 

300 

29. T 

Hg, Solid 

(l. 22 , 24, 

, 28, 29) 

10 

4 8 

20 

10 0 

30 

15 7 

40 

18 8 

50 

20.9 

60 

22.2 

70 

23.0 

80 

23.9 

90 

24.1 

100 

24.6 

150 

26.5 

200 

27.2 

Hg, Liquid (33) 

235 to 298| 

28.0 



21 

30 

36 

45 

60 

75 

90 

105 

120 

135 

150 

180 


250 

300 


20.1 

21.8 

22.9 

23.? 

23.8 

24.1 

24.5 

26.1 

26. 5 

26.8 

27. 5 


K C) 


10 

20 

30 

40 

50 


6 . 0 ? 
11.0 
13 2 

iS.sr 

20.8 


20 

30 

40 

50 

60 

70 

80 

90 

100 

150 

200 

250 

300 


Mg (4, 21) _ 

10 0 5o 

JO l.is 

W 3. Ho 

)0 els 

>0 8 3 


10.95 
13. Is 

15 1 

16 6 
21 .45 
23.35 
24.4 
25.25 


N„ Solid (6, IS) 
Ni 


15 

21 

30 


12.5 
25.1 

30.5 


Na 


45 

51 

60 


39.7 
42.3 
45 2 


K„ Liquid (S^iS) 
64 to 76 I 55.6 


N„ Gas (27) 


80 

30 2 

90 

30.2 

100 

30.1 

150 

29.9 

200 

20 7 

250 

29 5 

300 

29.1 

Na (». I 

1 , 30) 


20 2 5 

30 5.26 

40 9.1 

50 13.4 

60 lg .75 

70 lS.96 

80 20 6 

90 21.66 

100 22.26 

160 24.8 

200 26 8 

260 27.4 

300 23.66 


O,, SoUd (•) 

Oi 

15 9.20 

18 IT 25 

21 16 7 


Pb (8, 9, 13, 19) 


20 

30 

40 

50 

60 

70 

80 

90 

100 

150 

200 

250 

300 


11 1 
16 65 
19 9 
22 0 
22.75 

23.4 

23.9 
24.2 

24.45 
25 1 

25.45 

25.9 

26.4 


Pd, V. p. 93 


S, Rhombic (i®) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

UK) 

150 

200 

250 

300 


1.3 
3.0 
4.8 
6.15 

7.4 
8.7 
9 95 

11 2 

12.3 

13.4 
17 2 
19 6 
21 46 
23 3 


Sb (II) 


80.4 
81:6 
83.7 
85.6 
86.2 
92.0 
93.3 
98 1 


21 7 
21.2 
21.1 
21.8 
21.8 

22.3 

22.4 
22.9 


S, Monoclinic (i®) 

83 

11.55 1 

87 

12.15 i 

91 

12.4 

97 

15.4S 

102 

13.2 

194 

20 6 

200 

20 96 


% 




\t. 
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ENTROPY AND HEAT CONTENT 


87 


Pbl, (**) 


TV^K 1 Cp II T, -K Cp 


22.3 

1 ^ 1 

29.5 

1 f 

89.4 

71.6 

26.2 

32.85 

95.6 

72.3 

38.2 

44.9 

236.0 

784.0 

60.6 

65.2 

332.0 

823.0 

62.1 

61.8 




Hg,S04 (2<) 


23.5 

25.2 

76.6 

68.2 

26.5 

34.2 

85.0 

71.6 

30.0 

39.4 

201.0 

108.9 

66.2 

58.9 

290.0 

129.2 


BeO (*0) 


76.8 

0.85 

79.7 

1.02 

78.1 

.92 

80.3 

0.93 

78.6 

.82 

82.6 

0.99 

79.3 

.96 

84.9 

1.15 


ENTROPY, HEAT CONTENT AND THERMODYNAMIC 


POTENTIAL 

A-TaBUB. ElEBCENTART StJBSTANCES 

Argon (®f >*) 


T , "K 1 

Cp 

S 

H 


U 3 JI 

- TS 

0 

0 

0 


0 


0 

50 

25.85 

23.4 


712 i 

— 

468 

“100 

22.4 

130.4 

3 

035 ! 

-10 

005 

150 

21.75 

139.4 

4 

145 

-16 

735 

200 

21 55 

145.6 

5 

240 

-22 

860 

250 

21.35 

150.4 

6 

3§0 

-31 

280 

273.1 

21.30 

152 0 

6 

800 

-34 

7 oo 

298.1 

21 23 

154 0 

7 

340 

-38 

560 


Ag (9, 19,20) 


50 

11.3 

5.91 

1 ^ 

- 103 

100 

20.2 

17.2 

1 012 

- 708 

150 

23.2 

26.0 

2 oft 

- 1 805 

200 

24 4 

30 

3 280 

- 3 280 

250 

25.0 

38.3 

4 550 

- 6 5 S 0 

273 1 

25.2 

40.5 

5 lOO 

- 5 970 

298 1 

25.3 

42 7 

5 7 ^ 

- 6 990 


Ca(OH), (21) 


21.4 

2.06 

47.4 

6.96 

26.3 

2.94 

50.4 

9.63 

31.4 

3.42 

53.8 

12.34 

37.6 

4.54 

76.2 

16.95 

40.7 i 

5.38 

86.0 

21.3 




A1 (9, *0| 21) 


0 

0 

0 

0 

0 

50 

3.75 

1.23 

62.1 

9.4 

100 

13.1 

6.02 

465.0 

- 217 

150 

lS .63 

15.22 

1 272 

- 7 l 0 

200 

2 T .55 

18.98 

2 285 

- 1 606 

250 

23.23 

23.96 

3 500 

- 2 480 

273.1 

23.85 

26.1 

4 040 

- 3 080 

298 1 

24 4 

20.16 

4 630 

- 3 760 


C, Graphite (!•) 


0 

0 

0 

0 

0 

50 

0,54 

0.5S 

11.9 

- o 

100 

1.75 

l.Si 

TZ.Z 

- Si 

150 

ZM 

1.57 

185 

- 107 

200 

6.10 

3.11 

35i 


250 

6. Si 

4.ii 

ell 

- i55 

273.1 

iM 

6.?® 

851 

- 555 

298 1 

S.BS 

6. It 

1 055 

- 571 
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7\ 


50 

11 .46 

5.58 


189 

90 

100 

20.70 

iT.l 


983 

- 727 

1.50 

24.0 

26.2 

2 

110 

- 1 810 


25.3 

33.3 

3 

340 

- 3 f 10 

2.50 

25.8 

39.1 

4 

620 

- 5 TSO 

273 1 

25.88 

41.3 

5 

220 

- 6 060 

298.1 

25.97 

43.5 

5 

860 

- 7 120 


9. 25 


) 


0 

0 

0 

0 

0 

50 

15.4 

8.12 

285.5 

- 1^ 

100 

22 45 

22 7 

1 2^ 

- 980 

150 

24.18 

32. T3 

2 460 

- 2 360 

200 

25.13 

39.2 

3 700 

- 4 140 

250 

25 65 

44.3 

4 960 

- 6 130 

273.1 

25.9 

46.7 

5 560 

- 7 190 

298.1 

26 T 

48.9 

6 210 

- 8 3^ 


HI* (>^) 


r, °K 

Cp 

5 

H 

1 F - H - TS 

0 

0 

0 

0 

0 

50 

18.41 

16.30 

49s 

- 320 

100 

23.2 

31.05 

1 678 

- 1 527 

150 

24. i 

40.7 

2 770 

- 3 530 

200 

25.65 

47.8 

4 030 

- 6 520 

250 

26.9 

53.7 

6 340 

- 8 060 

273.1 

27.33 

55.9 

5 960 

- 9 530 

298.1 

27.8 

58.4 

6 650 

-10 760 


K (<» 30) 


Cu (3. 14, 20) 


Mg (4,21) 


Fe (») 


MN 


, 13, 27) 



0 

0 


3.77 

1.30 

100 

13.1 

6.78 

150 

18.32 

13.27 

200 

21.35 

19. T2 

250 

23.35 

24.20 

273.1 

24.45 

26.4 

298 1 

25 I 

28.6 


0 
^.2 
4|4 

1 292 

2 302 

3 455 

4 OlO 
4 630 


0 

15 

192 

eSs 

1 522 

2 595 

2 Too 

3 900 


0 

0 

^ t 

0 

50 

10.45 

42.: 

100 

11.3 

4i.: 

150 

12.38 

54. J 


13.4 

53.^ 


14 03 

6T.- 

273.1 

14.3 

62. J 

298.1 

14.53 



HH, (3, 13, 31) 


Na (0,11,30) 



0 

0 

^5 

890 


r 

1 430 

- 3 340 

0 

> 

2 035 

- 6 135 

[ 

2 685 

- 8 995 

[ 

3 360 

-IT 990 

w 

> 

3 690 

-13 370 

) 

4 o3o 

-13 050 


0 

0 


50 

20.9 

21.7 

100 

24.36 

37.6 

160 

26.2 

47.1 


27.2 

55. 4 

273.1 

28.6 

74.2 

208.1 

27.3 

76.3 1 


Hg (1, 22, 2 4, 2®, 29) 

0 

6^2 
1 768 

3 040 

4 380 

7 800 

8 500 


MO, (3, 27 ) 


_o 

4^ 
1 992 
4 T40 
6 680 
12 300 

14 300 


50 

21.6 

19.55 

607 

- 305 

100 

25.3 

36.0 

1 795 

- 1 805 

150 

26.65 

49.5 


- 4 550 

200 

27.90 

57.4 

4 450 

- 7 010 

250 

29.2 

63.7 

5 880 

-10"^ 

273.1 

29.6 

66.3 

6 560 

1 

-ir540 

298.1 

30.15 

69.0 

7 520 

-IS"^ 


50 

6 02 

2 47 

82.2 

41 

50 

6.27 

2.47 

^.5 

33 

100 

16 07 

10.03 

648.0 

- 335 

100 

16.3 

10.4 

630 

- 300 

150 

20.85 

17.32 

1 603 

- 1 025 

150 

21.2 

17.95 

1 650 

- 1 040 

200 

22 S 

24 0 

2 700 

- 2 Too 

200 

23.6 

24.3 

2 780 

- 2 090 

250 

23.95 

29.25 

3 860 

- 3 450 

250 

24.95 

29.6 

3 970 

- 3 130 

273 1 

1 

24.20 

31.35 

4 420 

- 4 T30 

273.1 

25.2 

3T.8 

4 640 

- 4 140 

298.1 

24.45 

33.60 

5 020 

- 4 990 

298.1 

25.45 

34.0 

5 T70 

- 4 580 


0 

0 

0 

0 

0 

50 

2T.15 

23.15 

706 

- i52 

100 

15.(5 

80.01 

4 940 

- 3 061 

150 

14.8 

86.0 

5 710 

- 7 T90 

200 

14.7 

90.4 

6 Iso 

-11 010 

250 

14.65 

93.5 

7 TSO 

-16 170 

273.1 

14.62 

94.9 

7 520 

-18 380 

298.1 

14.6 

96.1 

7 §90 

-20 730 


0 

0 

9 

0 

0 

0 

50 

13.4 

6.59 

241 

,- m 

100 

23.0 

19.2 

1 177 

- 7i3 

150 

25 . 77 

^73 

2 570 

- 2 050 

200 

27.05 

41.0 

3 050 

- 4 0^ 

250 

27.85 

47.2 

4 550 

- 0 glo 

273.1 

28.15 

40 

6 050 

- 7 630 

298.1 

20 

60 

6 350 

- 5 T60 


0 

0 

0 

0 

0 

60 

22.6 

26.2 

905 

- ^ 

100 

15.T 

84.9 

6 750 

- 2 770 

150 

14.5 

90 

6 470 

- 7 130 

200 

14.33 

94.9 

7 TSO 

-iT |I0 

250 

14.43 

98.0 

7 550 

-10 610 

273.1 

14.53 

1 

99.4 

8 530 


298.1 

1 

i 14.63 

100.5 

8 600 

-2T ?oo 































ENTROPY AND HEAT CONTENT 




0 

50 

100 

150 


250 

273.1 

298.1 


0 

2T.62 

25.7 

^.4 

25.9 

26.25 

26.35 

26.1 


50 

100 

150 


rr 


260 

273.1 

298.1 


16.5 


19.12 


21.4 


22.17 


23. 


0 

50 

100 

150 

200 

260 

273.1 

298.1 


0 

50 

100 

160 


250 

273.1 

298.1 


pb (•• »• »».!•» »«) 


s 


w ( 17 ) 


0 

2T.1 

87-2 

47.3 

54.6 

60.5 

62.8 

65.0 


0 

677 

1 7^ 

2 ^ 

4 250 

5 ^ 

6 140 
6 800 



S, Orthorhombic ('•) 


0_ _0 

6.5 

13.2 ^ 

lO 1 ^ 

2473 2 290 

20 3 310 

30 3 810 

30 4 3S(5 


Si (**) 



0 

28.15 

:^ 5.5 

801 

1 558 

2 390 

2 805 

3 loo 


So, White 


Sn, Gray zs) 


0_ 

11. T3 
19.6 

23.0 

24.0 

26.1 
25.15 
25.1 


T1 (21) 


50 

100 

150 

200 

250 

273.1 

298.1 



10 ^ 
12 600 


_0 


128 

TTl 


1 490 


4 430 

5 220 


0 

_7.4 

115.5 

386 

8T2 

1 510 

1 915 

2 360 


0 

0 

0 

0 

15.35 

lT.12 

314 

1 

- 202 

22. i5 

2i.4 

1 324 

- 1 Tie 

25. C 

3i.O 

2 ^20 

- 2 580 

26. T 

4T.6 

3 SlO 

- 4 490 

26.S 

47.4 

6 T40 

- 6 710 

26. S 

49.6 

6 760 

- 7 770 

26 .S 

55.3 

6 440 

- 9 160 


0 

- 1 650 

8 .T 2 

- 1 526 

18.7 

- 610 

27.3 

660 

33.8 

1 760 

49.5 

2 090 

42.7 

3 570 

43.7 

4 TSO 


1 550 

1 930 

2 380 

3 540 
5 200 

7 T30 

8 080 
9 T20 


20.7 

18 4 

524 

24.05 

34.2 

1 660 

26.2 

44.2 

2 890 

25 . 85 

51.5 

4 170 

26.3 

57.6 

5 470 

26.5 

69.7 

6 080 

26.65 

62.2 

6 750 


396 
1 760 
3 710 

6 130 
8 920 

10 500 

11 770 


50 

100 

150 

200 

250 

273.1 

298.1 



0 

50 

100 

150 

200 

250 

273.1 

298.1 


6. 02 

2.43 

16.32 

10.09 

21.15 

17.69 

23.55 

24.1 

24.9 

29.6 

25.2 

31.7 

25.55 

33.90 

Zn (» 

0 

0 

10.27 

4.82 

19.75 

15.38 

23.0 

23.55 

24.3 

30.3 

24.9 

35.85 

25.15 

38.45 

,25.25 

40.6 


^.6 

672 

1 125 

2 730 

3 020 

4 190 

5 T20 


H - TS 


38 

337 

1 025 

2 ^ 

3 480 

4 T60 
4 980 


_0 
141 
924 
2 010 

3 T95 

4 420 

5 000 
5 630 



100 



26-Tablb. — CJhbmical Compounds, Standard 

H,0 (2^) 


- 5 ^ 

- 6 470 


Arrangement 


0 

0 

0 

-282 600 

-282 600 

50 

8.58 

4.78 

-282 417 

-282 656 

100 

16.1 

13.31 

-28T 777 

- 283 108 

150 

2 I .75 

20.8 

-280 825 

-283 945 

200 

23.85 

27.75 

-279 595 

-285 145 

250 

34.7 

34.65 

-278 060 

-286 720 

273.1 

38.2 

37.85 

-277 220 

-287 540 

298.1 

75.3 

66.7 

-269 300 

-289 200 



HCl ( 34 ); HBr ( 35 ) 


4 CI (35) 


0 

0 

0 

-285 960 

-285 960 

50 

14.69 

6.49 

-285 706 

-286 031 

100 

37.7 

24.2 

-284 360 

-286 780 

150 

60.2 

41.5 

-282 100 

-28S 320 

200 

69.4 

58.8 

-279 070 

-290 830 

250 

78.9 

83.1 

-274 130 

-294 930 

273.1 

82.4 

90.2 

-272 320 

-296 920 

298.1 

86.6 

97.6 

-270 230 

-299 430 



0 

50 

100 

150 

200 

250 

273.1 

298.1 


0 

30.76 

159.3 

171.9 

180.0 

186.5 

189.2 

192.0 


CO (5*33) 


-125 948 
-124 918 
-115 218 
-113 718 
-112 228 
-no 748 

-no 068 

-109 348 


125 948 

126 458 
13T 148 
139 518 
148 228 
157 348 
161 668 
166 548 



C«H. (»«, 32 ) 


49 050 
49 656 
52 000 
55 390 


49 050 

45 516 

46 650 
43 4iX> 
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C«H«. — (Continued) 


r, 


200 

250 

273.1 

298.1 



HgO (tO) 


0 

50 

100 

150 

200 

250 

273.1 

298.1 


0 

60 

100 

150 

200 

250 

273.1 

298.1 


0 

50 

100 

150 

200 

250 

273.1 

298.1 


0 

50 

100 

150 


103.0 

110.5 
118.8 

133.6 


0 

40.9 

69.2 
68.0 
75.6 
75.4 

76.2 

76.9 


0 

26.8 

39.6 

44.4 

47.5 

49.7 
50.4 
5T.4 


s 

H 1 

105.5 

69 670 

124.4 

64 850 

135.0 

67 500 

181.0 

80 850 


SiC ( 


PbO (2t) 


PbCU (*®) 


-329 460 
-328 556 
-325 945 
90.7 - 322 700 

llT.O -319 180 

127.2 - 315 540 

134.1 -313 780 

140.9 - 311 880 


PbS (4) 


0 

19.5 

43.0 
^.0 
73.3 

84.0 



92.8 


- 93 860 

- 93 254 

- 9l 542 

- 89 420 

- 87 120 

- 84 710 

- 83 540 

- 85 260 


TICI (*4) 


0 

1 

0 

0 

-191 020 

60 

33.95 

27.4 

-190 163 

100 

44.7 

54.8 

-188 136 

150 

48.5 

73.6 

-185 800 

200 

50.3 

87.5 

-183 350 

250 

51 .5 

90.9 

-180 520 

273.1 

52.5 

103.3 

-179 320 

298.1 

53.0 

4 

108 0 

-178 000 


ZaS (10) 



39 170 
33 750 
30 700 
26 850 



0 

0 

-213 660 

-213 660 

16.6 

12.3 

-213 250 

-213 865 

28.45 

27.6 

-212 110 

-214 870 

36.55 

43.5 

-210 485 

-217 005 

41.8 

54.6 

-208 540 

-219 440 

44.9 

64.2 

-206 390 

-222 390 

46. T 

68.5 

-205 320 

-224 020 

47.5 

75.6 

-204 140 

-225 740 


329 460 

330 036 

335 435 

336 300 
34T 380 
347 340 
350 380 
353 880 


93 860 

94 229 

95 842 
98 420 

lOT 770 
105 710 
107 640 
109 960 


19T 020 
19T 533 
193 616 
196 800 
200 850 
205 520 
207 520 
210 200 



190 750 
m 865 

191 546 

195 715 
1^ 540 

196 910 
19S 160 
199 500 




0 

50 

100 

150 

200 

250 

273.1 

298.1 


0 

50 

100 

150 

200 


T 


0 

60 

100 

160 

200 


T 


0 

50 

100 

160 

200 

250 

273.1 

298.1 


0 

50 

100 

150 

200 

250 

273.1 

298.1 



_0 

18.18 

29.3 
36.0 

40.3 

43.4 

44.5 
45.3 


S 


_0 

12.13 

28.45 

41.7 

52.5 

61.8 

65.6 

69.6 


H 


83 020 
82 631 
81 409 
79 725 
77 810 
75 840 
74 830 
73 700 



HgCl (*4) 


0 

0 

-115 500 

! -115 600 

28.6 

21.3 

-114 814 

-115 879 

39.55 

45.0 

-113 075 

-117 576 

45.0 

65.3 

-110 960 

-I 2 O 300 

48.0 

75.7 

-108 660 

-123 760 

56.0 

86.5 

-106 250 

-127 860 

50.1 

96.9 

-105 090 

-129 890 

51.0 

95.4 

-103 820 

-135 220 


Cul (28) 


0 

0 

- 68 520 

- 68 520 

28.05 

19.2 

- 67 892 

- 68 862 

41.9 

45.7 

- 66 080 

- 70 460 

47.1 

6T.6 

- 63 830 

- 75 080 

60.0 

75.6 

- 6l 420 

- 75 620 

65.1 

86.8 

- 58 870 

- 80 570 

63.0 

91.4 

- 57 690 

- 85 690 

53.8 

96.0 

- 56 330 

- 84 930 


AgCl (18|21) 


0 

0 

-114 090 

28.15 

20.8 

-115 408 

41. 0 

46.0 

-llT 650 

46.0 

65.8 

-109 490 

49.0 

76.4 

-107 110 

5T.4 

87.5 

-104 620 

63. T 

95.1 

-103 410 

53.8 . 

96.7 

-102 090 


Agl (21) 


0 

0 

0 

- 63 220 

50 

31.9 

28.65 

- 62 388 

100 

45.7 

55.7 

- 60 390 

150 

50.8 

75.4 

- 58 010 

200 

65.7 

90.0 

65 480 

250 

65.8 

102.0 

- 55 640 

273.1 

54.1 

106.4 

- 5T 440 

298.1 

5i.4 

IIT .3 

- 60 120 


0 

2.64 

18.84 

36.66 

49.59 

57.3 

60.0 

62. 1 


PeS, (8) 


0 -144 760 

0.83 -1^ 720 

7.11 -144 226 

18.4 -142 870 

0.75 -140 680 

5.7 -137 990 

7.8 -136 630 

63.0 -135 100 


-114 090 
^114 448 
-116 150 
-llS 920 
-125 390 
-126 495 
-12§ 510 
-130 800 


- ^ 220 

- 63 820 

- 65 960 

- 60 310 

- 75 480 

- 78 140 

- 80 540 

- 83 320 


■144 750 

145 761 
144 937 

146 630 
146 830 
14§ 640 

-I <4S 7^ 














ENTROPY AND HEAT CONTENT 


01 


MgO (10,26) 


T,’K\ 

■ c, 1 

s 

H 

F ^ H - TS 


0 

0 

-600 680 

-6OO 680 


0.i2 

0.50 

-600 660 

-600 674 

100 

6.01 

2.18 

-6OO 497 

-600 715 

150 

IO.3 

7.46 

- 690 822 

-600 940 


27.66 

14.10 

-598 690 

-6OI 410 

250 

34.35 

2T.O 

-607 010 

-602 260 

273.1 

36.9 

24.2 

-596 180 

-605 780 

298.1 

30.6 

27.5 

-596 230 

-603 430 

CaO (21) 

0 

0 

0 

-627 740 

-627 740 


2.S5 

0.88 

-627 705 

-627 749 

100 

16.4, 

6.56 

-627 251 

-627 907 

160 

^.8 

; 15.4 

-626 070 

-628 370 


37.3 

24.76 

-624 460 

-625 400 

250 

41.3 

33.4 

-622 670 

-630 920 

273.1 

42.9 

37.18 

-62T 620 

-63T 770 

208.1 

4i.2 

40.8 

-620 540 

-632 740 

C.P, («) 


0 

0 




4.57 

l.SO 



ioo 

10. f 

8.99 



160 

3T.4 

1S.99 




^.1 

29.96 




45.5 

37.86 



273.1 

4?.0 

41. 7 



208.1 

46. T 

46.6 





CaCO„ 

Calcite (21) 


0 

0 


-1 191 410 

-1 19l 410 

50 

16.9 


-1 19T 118 

-1 19T 468 

100 

4T.1 

26.7 

-1 189 690 

-1 195 260 

150 

67.4 

4S.8 

-1 187 260 

-1 194 140 


eS.i 

63.6 

-1 18i 260 

-1 196 960 


7S.e 

79.2 

-1 180 710 

-1 205 510 

273.1 

78.2 

8S.9 

-1 17S 990 

-1 202 390 

208.1 

80.1 

92.6 

-1 177 000 

-1 204 600 



NaCl (*0) 


T, “K 

Cr 

S 

H 

F ^ H ~ TS 

0 

0 

^ 1 

0 

-396 520 

-396 520 

50 

15,08 

6.16 

-396 263 

-396 570 

100 

34.95 

23.75 

-39i 866 

-397 241 

150 

42.7 

39.7 

-392 910 

-398 860 

200 

46.7 

52.6 

-330 720 

-401 220 

250 

49.0 

63.2 

-388 390 

-404 190 

273.1 

49.6 

67.6 

- 387 270 

-405 770 

298.1 

50.0 

! 72.0 

-386 000 

-407 400 


KBr (20) 


0 

0 

0 

-386 190 

-386 190 

50 

1 

1 

29.5 

16.14 

-385 587 

-386 397 

100 

42.6 

42.1 

-383 675 , 

-387 885 

150 

46.8 

60.2 

-38T 440 

-390 490 

200 

48.9 

74.1 

-379 090 

-393 890 

250 

60.6 

85.0 

-376 660 

-397 860 

273.1 

51.3 

89.5 

-375 480 

-399 880 

298.1 

51.5 

94.2 

-374 220 

-402 220 


KCl (20) 


0 

0 

0 

-42T 300 

-42T 300 

50 

21. 1 

9.7i 

-420 914 

-42T 399 

100 

j 

39.6 

31.6 

-419 319 

-422 419 

150 

45. T 

60.2 

-417 190 

-424 720 

200 

47.7 

63.5 

-41? 860 

-427 560 

250 

49. i 

74.5 

-412 400 

-430 900 

273.1 

60. T 

78.6 

-41T 280 

-432 700 

298.1 

60.6 

83. T 

-41(5 000 

-43? 780 


Alt(S04)iCstS04.12H,0 (26) 
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HEAT CAPACITY OF SOLED AND LIQUID ELEMENTARY SUBSTANCES ABOVE 0°C* 

Luigi Rolla and Giorgio Piccardi 


Where possible the information is presented in the form of the 
parameters of the equation Cp - A -|- -f -f- . . . , where 
Cp is the atomic heat capacity in joules per gram atom per ®C and 
t is the centigrade temperature. 

Column two contains the value of the parameter A; column 
three, the value of 10*B; column four, the temperature range 
covered by the data from which the equation was derived. When 
the letter M appears in column three, the value in column two is 
the mean heat capacity, C*, over the temperature range given in 
column four. When a single temperature appears in column four, 
the value in column two is the heat capacity at that temperature. 
Values in bold-face type are “best” values as deduced from all of 
the information available. The accuracy of these values is 
difficult to estimate, but, in general, it may be stated that specific 
heat data on metals are rarely accurate to better than 1%, an 
uncertanity of several % being not unusual. 

In cases where no “best” values are given, the available infor- 
mation is discordant, or lacks confirmation. In many cases' 
information of this character is indicated by literature reference 
only. 

L’information est prdsent^e partout oii cela est possible sous la 
forme des param^trcs de I'^quation Cp = A -|- B< H- Ct* -h . . . , 
oCi Cp est la capacity calorifique atomique cxprim4e en joules par 
atome gramme et par ®C et t est la temperature centigrade. 

La deuxieme colonne contient la valeur du param^tre A; la troi- 
sierae colonne, la valeur de 10*B; la quatrieme colonne, Tinter- 
valle de temperature comportant les donnees k partir desquelles on 
a deduit requation. Lorsque la lettre M se trouve dans la 
troisieme colonne, la valeur dans la deuxieme colonne, repr^sente la 
capacite calorifique moyenne C», pour I'intervalle de temperature 
donne dans la quatrieme colonne. Lorsqp’il n’y a qu^une seule 
temperature dans la quatrieme colonne, la valeur dans la deuxieme 
colonne est la capacite calorifique k cette temperature. Les 
valeurs en caractere^ gras sent les “meilleurea" valeurs, telles 
qu’on 1^ a deduites de toute I’information disponible. La preci- 
sion de ces valeurs est difficile k estimer, mais, en general il peut 
etre etabli <^ue les donnees de chaleur specifique se rapportant 
aux metaux sent rarement d’une precision superieure k un pour 
cent, une incertitude de plusieurs pour cent n^etant pas rare. 

Dans les cas ou les “meilleures” valeurs ne sent pas donnees, 
Tinformation disponible est discordante, ou a besoin de confirma- 
tion. Dans plusieurs cas rinformation presentant ce caraetdre 
n’est indiquee que par une reference bibliographique. 

* For below 0^, t. p. 94. 


Wo moglich ist die Angabe durch die Parameter der Oleiohung 
Cp = A -h B< -h Cf* j gegeben. Hier bedeutet Cp den 

Atomw^meinhalt in Joule pro Grammatom und pro imd t ist 
die Centigrad Temperatur. ^ 

Kolonne zwei enthalt die Werte des Parameters A, Kolonne drei, 
von lO^B; Kolonne vier den Temperaturbereich aus welchem die 
Daten bei der Ableitung der Gleichung herangezogen worden Bind. 
Erscheint der Buchstabe M in der Kolonne drei, dann ist der Wert 
in der Kolonne zwei der mittlere Warmeinhalt C« in dem Tempera- 
turbereich, welcher in der Kolonne vier angegeben ist. Erscheint 
in der Kolonne vier eine einzelne Temperaturangabe, so ist der in 
der Kolonne zwei angegebene W^meinhalt fdr diese Temperatur 
giltig. Zahlen in hervorgehobener Schrift stellen die ‘‘besten” , 
dar, die sich aus alien zur Verfvigung stehenden Werten ableiten 
liessen. Die Genauigkeit solcher Werte ist schwer zu sch&tsen, 
man kann jedoch im allgemeinen feststellen, dass die spezifischen 
Warmen der Metalle selten genauer als auf 1% bekannt sind und 
Unsicherheiten bis auf einige Prozente kommen nicht selten vor. 

In Fallen wo kein “bes'te” Werte angegeben sind, werden die 
vorliegenden Ergebnisse widersprechend sein, eder es fehlen 
Beatatigungen. In vielen Fallen sind ErgebnissQ dieser Art nur 
durch die Literaturstellen angegeben. 


Tutte le volte che 6 possibile, i valori sono riportati in forma di 
parametri deirequazione : Cp = A + Bf -f- C<* -h - • • » 
quale Cp 6 il calore atomico in joules per grammo atomo e per ®C, 
e i ^ la temperatura in gradi centigradi. 

La colonna 2 contiene i valori di A: la 3 i valori di 10*B; la 4 

W gw 

I'intervallo di temperatura al quale si riferiscono i dati da cui e 
stata dedotta requazione. La letters M nella colonna 3 indica 
che il valore della colonna 2 6 il calore specific© medio, C«, entro 
I'intervallo indicato nella colonna 4. Quando nella colonna 4 k 
indicata una sola temperatura, il valore riportato nella 2 rappre- 
senta il calore specifico a quella temperatura. I valori in gras^to 
sono quelli “ottimi” quali si deducono da tutte le fonti disponibili* 
E difficile apprezzare I'esattezza di questi valori; in genere perd si 
pud dire che essa per i metalU raramente supers 1%» o efi® 
sono infrequenti scarti superiori. 

Quando non sono riportati valori “ottimi,” significA che i dati 
disponibili non sono concordanti trs loro, oppure che non sono 
confermati. In molti casi, i dati di questo tipo sono riportati solo 
sotto forma di indicazioni bibliografiche. 


SOLIDS 



Cp, 

c« 

: or A 

1(PB 

t, or A<,.®C 

lat. 

1 


Cpt 

Cm 

or A 

10*B 

or 

lit. 

Al 

23.4s 

18.4 

0-100 

(4t ft, 27, 24, 53, 56, 

Au. — (Conn'd) 

25.4 

1 5.6 

20-850 

(^») 


26.0 


150 

76, ft4) 


• 

Higher temps. 

to 1060 

(•»» *♦) 


24.6* 

6.8s 

200-300 


B 

1.005 

M 

-253 to -196 

(*•) 


24.7 

11 

100-690 

(1ft) 

“ Amorph.” 

3.22 

M 

-191 to -78 

(.0) 

Ag 

26. li 


0-961 

(1», *4) 

“ Amorph," 

7.60 

M 

-74 to 0 

(40) 

As 

24.2 


28 

(*') 


9.90 

33.1 

400-900 

(40.1) 


25.8 

M 

0-100 * 

(T) 


* 

Higher temns. 

to 230 

( 01 , or) 

Aa 

126.44 

4.92 

0-400 

(S7, 72, »4) 

Ba 

20 

M 

-253 to -196 

(10. !•) 







39.1 

M 

-186 to 20 

(TO) 




HEAT CAPACITY— SOUD AND LIQUID ELEMENTS 





0^ 





0* 

or A 

10*B 

t, or Al, ‘C 

1 

Lit. 


Co 


29.0 

S4.sa 

Hisher temps. 


U. 61 


14.6 


253 to -196 
to 300 
25-200 
to 250 

0-157 

100-400 

400-600 

0-321 

0-100 
20-100 
-&4 to -34 
0-300 
0-950 
1100-1470 
0 
50 
100 
200 
300 
400 

to 1600 
0-28 
0-500 
to 1000 
0-300 

to 1600 
0-440 


(16) 

(34, 16, 56) 

(36, 37, 76, 64) 

(63) 

( 6 , 10 ) 

(»•) 

(16) 

(14, 23, 23, 27, 31 
63, 66, 64) 

(”) 

(»») 

(76, 61) 

(12, 16, 24, 76) 

(64) 

(**) 

(46, 70, 72, 76, 64) 


(63, 64) 

(••) 

(20, 63, 72, 76) 
(23,43,67,62,64,66) 
(17, 26, 60, 64; c/. 

•») 

Cl. (•») 

(••) 


Other Tmliioe 
76 


9 

Higher temps. 


1.8 
0-100 
0-100 
186 to 1400 
13.6 
0-63 
0-22 
22-66 
0-100 
0 

0-100 
0-300 
100-615 
to 600 
0-1250 
-223 

188 to +20 
0-1500 
0 
0 


6. Fig. 1 


0-20 
20.4 
0-97 
0-70 
70-97 
0^300 
to 1400 


• Coolad tlowiy. fQiMbeb^ 




or A 

10»B 

or 

lit. 

Os 

126 

1 

23 

(«) 

P, red 

gliul 

58.2 

0-200 

(»*) 


24.64 


9 

(*>) 

White 



9 

(«) 

Black 

22.1 


30-100 

(«) 


26.6 


50-100 

(«) 

Pb 

M.19 


0-327 

(4, 27,^6,37, SS,S1, 

1 




•*) 

Pd 

1 

8.5 

M 

-263 to -196 

(16) 


23.1 

M 

-188 to +20 

(66) 


21.9 

M 

-186 to —79 

(^) 


25.3 

M 

-79 to +18 

W 


25.98 

9.04 

0-1260 

(66) 


26.17 


18 

(»’) 


27.56 


190 

(»^) 

Pt 

85.71 

1 


0-800 

(22, 67, 64, Sa, 61, 





St, 84, 61, 64) 


86.^ 

1 

300-1300 

(61) 
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Cp. 

C* 
or A 

KPB 

f, or Af, ®C 

Lit. 

Rb 

28.3 , 

M 

20-35 



28.68 
32 5 

10.8 

0-39 

50 

(66) 

(66) 

Rh 

25 0 


10-100 

(65) 

Ru 

26.0 

M 

0-100 

(10) 

S, rhomb. 

23.0 

M 

0-35 

^S5| 92) 


23.6 i 

M 

0-96 

(92) 

Monocl. 

24.0 

M 

0-38 

^ S 5| 92) 

Sb 

24.3 

M 

0-52 

(92) 

26.1s 

74.8 

0-300 

(4, 68, 72, 76) 

(38, 76, 94) 

% 

Higher temps. 

A 

to 630 

Se 

25.6 

M 

22-62 

(^) 

Si 

20.41 

16. 10* 

0-700 

(49) 

Sn 

26. 63 

17.3 

1 

0-100 

(4, 22, 45.1, 4S.2, 
72, 76) 


Higher temps. 

to 500 

(S3, 95) 

(11.5) 

(11.5) 

Gray 

24.5 

1 

M : 

1 

8 to 13 

White 

26.7 

M 

13 to 18 

Ta 

21 

M 

-183 to -78 



24.3 1 

M 

-78 to -f-14 



25.1 ! 

M 

14-100 



Higher temps. 

to 1400 

(63) 

Te 

25.58 

3.7 

-182 to +300 

(82) 

Th 

26.8 

M 

0-100 

(57) 

Ti 

16.5 

M 

-185 to +20 

(?®) 


28.6 

16 6 

0-300 

(35) 

(21) 

Tl 

26 6 


+28 


25.3 

M 

-180 to +20 

(68) 


24.6 

M 

-190 to -81.2 

(”) 


^.0 

M 

-74 to ±0 



28.66 

M 

17-100 

(64) 

U 

27.9 

M 

20-100 

(75) 


M 

0-100 

(8, 64) 

V 

24.6 

M 

0-100 

(46) 

w 

26.1 

M 

17-97 

(13, 28) 

Zn 

21.06 

• 

0.5 

700-2500 

• t 

(®®) q.v. for addi- 
tional Lit.; cf. 

(49.2) 

(19, 27, 83, 72, 76) 
(83) 

26.10 

11 

0-300 

Zr 

•C - -9.18 

Higher temps. 

to 400 

125.6 

X io-» 

M 

0-100 

(50, 89) 


C, Graphite (4>i 73, «7) 



0 

10 

20 

30 

40 

60 

60 

70 

80 


7,63 

90 

10.88 

180 

8. 06 

100 

11. iB 

190 

8. 30 

110 

11.48 

200 

8. 78 

120 

11.78 

210 

0. 12 

130 

12.04 

220 

9. 47 

140 

12. 3i 

*230 

9. 82 

150 

12.69 

240 

10. IT 

160 

12.88 

260 

10. 4t ! 

1 170 

18. U 


I - ■ ■ ATAtt; 

represented by the equation, 


C, - 7.«Ss + 


13.49 
18. 6« 
18.9$ 
14. U 

14.49 
14. 6« 
14.8a 

16. li 

830®C are 


(•.o* X 10-*» - 4S.0t X 10-n« + a ».67 X lo-*/* - 

11.01 X 10-‘v 

According to Worthing’s determinations (»») C = 19 s 4 - 
003& in the range 900-210<r. A - 19.« + 


<, °C 

26-76 
26-280 
26-490 
30-640 
30-760 


Acheson graphite (1) 


8.29 

35-900 

9.83 

40-926 

11.3 

48-1193 

11.7 

60-1460 

14.5 



16.8 

16.8 

17.6 

19.6 


For natural graphites, coke, charcoal, etc., v, (7f is, le, si, si, 
73, 80, 84, 85, 87,93). » i \ # 

C, Diamond (<** <#1 ®«) 

New determinations between 600 and 900® are given 



0 

10 

20 

30 

40 

60 

100 

200 

260 

300 


6.24 
6. 66 
6.08 
6.60 
6.92 
7.34 
9.44 
13. 60 
16. 01 
16. 14 


360 

400 

450 

600 

620 

650 

600 

650 

700 



17.06 

17.88 

18.68 

19. 24 
19. 47 
19.80 

20. 26 
20. 70 
21.04 


720 

740 

760 

780 

800 

820 

840 

860 

880 


21. 14 
21.24 
21.88 
21.41 
21.48 
21.64 
21.68 
21.69 
21.60 


LIQUIDS 

Almost no reliable data exist on the specific heats of liquid 

elements. Some of the data found in the literature are presented 
below. 

In the following table the quantity given is A * C, (soUd) -C, 


Ele- 

ment 

A 

Lit. 

Ag 

2.9 

(83) 

AI 

2.5 

(83, 



94) 

Au 

1.8 

(94) 


8.2 

(83) 

Bi 

0.2 

(94) 


1.6 

1 (36, 



83) 

Cd 

6.0 

(94) 


0.4 

(83) 


Ele- 

ment 


Lit. 


Ele- 

ment 


Lit. 


Co 

Cr 

Cu 

Fe 

Ni 


1.6 
— 8.6 
11 
1.8 

4.2 
16 

- 8.1 

- 1.0 

-9.3 

1.2 


(94) 

(83) 

(83) 

(94) 

(83) 

(94) 

(•») 

(•^) 

(83) 

(•^) 


Pb 


Sb 


Sn 


Zn 


1.6 
0.47 
0.7 
-3.7 

3.1 
2.3 

11.1 

1.2 
-3.0 
-3.8 


(36) 

(«) 

(94) 

(«) 

(•^) 

( 38 ) 

(«) 

(•^) 

( 88 ) 

(«) 


Br, Cp 
Cs, Cp 


35.8, 1 to 46® (2) 

33.6 - 0.019<, M. P. to 100® (••). 

Hg, V. p. 113. 

K, Cp - 23.2 + 0.109<, M. P, to 100® (««). 

Na, Cp = 31.1 at 100® (2®i *«» 88); 31.8 at 98® (®«); 33.4 at 98* 
(3®). Decreases with rising temperature (88, S8), 

Rb, Cp = 32.9 - 0.0093<, M. P. to 100® («•). 

8, Cp = 28.2 + 0.02l6i, 100 to 390® (4®). For “viscous" S, 

I'. (®»). 
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(40) Terres and SchaUer. 5S7. 66: 818, 832; 22. (■») Tilden. 5, 71: 220; 03. 85. 

201: 37: 03. («») Tilden. 85. 20S: 139; 04. (•») Umino, 169. 16: 697; 26. 

(»«) VioUe. 54. 86 : 543 ; 77. 5, 4: 318; 77. (•■) VioUe, 54, 87: 981; 78. 

(44) Voigt, 8. 49: 709; 93. 188, 1898; 211. (•7> Weber, 8. 164: 367, 653; 

75. 5. 49: 161, 276; 75. («•) Weber, 545, 28 : 209; 78. (••) Wedekind and 

Lewis, IS. 871: 382; 10. 

(40) WeiM and Beck, 5/, 7: 249; 08. (4 7) White, 5, 12: 436; 18. (•*) Wigand. 
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THE HEAT CAPACITY OF CHEMICAL COMPOUNDS IN THE CRYSTALLINE STATE 

J. H. Aw^ery 


Bubstanoe 


HiO 


i or Ai, *C 


-250 
-200 
-150 
-100 
- 80 
- 60 

- 40 

- 20 

0 


cp, joule/g 


0.161 

0.653 

1.030 

1.30 
1.54 
1.68 
1.82 
1.94 
2.06 


HiOt I 

HCn. HBr, and HI, r. 

80s 

H^O« 


HffitOT 

NO... 

NiOi.. 


NHi 


NH 4 NO 


NHsO 


NHsCla 

NH 4 CI 5 

NH4Br. 


NBJ 


-26 
p. 86. 

- 186 to - 103 
-30 
-20 
-10 
0 
36 

9 . p. 86 
-80 to 6 I 
-103 to -188 1 

e. al«o p. 

-150 
-100 
- 60 
0 

+ 60 
100 
-260 
-226 
-200 
-160 
-100 
- 80 

- 30U 

- 20 

0 

+ 60 
186 
186 
-140 
-100 
- 60 
- 20 
+ 20 
00 

-160 

-100 


1.97 

0.96 

1.00 

1.10 

1.00 

1.13 

0.64 

1.00 

2.1 

86 

0.790 

1.280 

1.626 

1.661 

1.736 

1.700 

0.041 

0.207 

0.606 

0.824 

1.100 

1.217 

1 460 
1.400 
1.63 
1.06 
1.42 
0.647 
0.726 
0.809 
0.864 
0.879 
0.888 
0.406 
0.431 


rDARD ARRANGEMENT ( 
U = Transition temperature 


% I 


2.6 

2 

1 

1 

1 

1 

0.6 

0.6 

0.6 


1 

0.6 

0.25 


0.6 


1 

3 

3 

0.6 

1 


Lit. 


(8, ISB. 193, 
1 94, 238, 
*S«) 


Substance 


NH^I.—CCont’d). . . 
(NH4)jS04 


(8. 10, 70, 




1»8 




sis, 344) 

(161) 

(•») 

(390, 333) 


PClj. 

AsjOs 


AsCHi 

SbtOi 

SbiSi. 


(•) 

(S«l) 

(#7) 

(St, •*, SSS) 


BitOt 


BitSs 

CO.. 


(4C, 67, **, 
tST, l»t) 


COi 


(S*4) 

(3*4) 

(••) 


CiNt 

StOi 

SiCU 

8iC.. 


(••) 


III, p. viii) 


t or At. *C I 


0 

+ 50 
-200 
-160 
-100 
0 

+ 60 
33 
-150 
-100 
0 
40 
66 
60 
-150 
-100 

- 50 

0 

4- 60 
100 
60 
100 
200 
300 
40J 

to 

- 2;>0 
— 240 
-220 
-213U 
-212 
-206 
-260 
-260 
-225 

-200 to -76 
- 188 to 78 


cp, joule/g 


0.464 
0.494 ■ 
0.335 
0.816 
1.184 
1.409 
1 . 443 
0.85 
0.230 
0.318 
0.489 
0.509 
0.74 
0 391 
0.226 
0.296 
0.330 
0.347 
0.360 
0.370 
0.238 
0.248 
0.258 
0.264 
0.268 
0 261 
0.239 
0.705 
1.746 

1.793 

1.011 

0.046 

0.153 


-225 0.62 

-200 to -76 1.660 + 0.00481 

-188 to 78 0.70 

For other 0>0ompounds, *. p. 101 

». p. 106 

-200 to -80 I 0.990 + 0.002781 


-240 

-220 

-200 

-100 

0 

+ 100 
200 
400 
600 


<0.001 

0.0092 

0.044 

0.341 

0.60 

0.81 


I ± % I 


I 0.6 I 


Lit. 


2 

0.5 

1 

2 

2 

1 


0.26 



(•4, ISS, tSS 
137) 


(S4S, 341) 
(340, 363) 


(S46) 

(1**, 340) 
(tie, 363) 


(iis, S4e) 


2 (346) 

1 (•») 

0.26 


(67, SS,!**) 


(«•) 


(143) 


(64, 166, 
171, 1*6, 
3*3, ttS) 
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Subet&Qce 


SiC.— •(C<m4'd) . 


TiO*. 

TiOi 


0 « 0 i 

ZiOt.8iOt, Zircon 

ZrOi 

6nOt 

8 nClt 

6dC14 


8 nS« 

PbO 


PbOi 


PbFi. 

PbOa 


PbBn 


Pblf 





PMtOi 

Fb<NOa)t 

SPbCb-NHaO 

PbPaOr 

FbtAoiOi 

PbOOa 



t or A<, ®C 


800 

000 

0 to 600 
-200 
-176 
-160 
-100 

- 25 
50 
36 

0 to 1500 
46 
60 

-200 

-160 

-100 

- 50 
66 
54 

-250 

-200 

-160 

-100 

- 60 

0 

+ 60 
100 
200 
-150 
- 60 
0 

+ 60 
9 

-260 

-240 

-220 

-200 

-150 

-100 

0 

+ 100 
200 
300 
400 
-160 
- 60 
0 

+ 60 
100 
200 
400 
-260 
-226 
-200 
-160 
-100 
0 

+ 100 
200 
260 
-220 
-200 
-160 
-100 
- 60 
0 


I AW 
200 
400 
460 
46 


60 

-160 
-100 
- 60 


cp, joule/g 


1.23 

1.24 

0.703 + 0.0004661 
0.394 
0.353 
0.624 
0.717 
0.739 
0.54 
0.55 

0.433 + 0.000208< 
0.376 
0.427 
0.314 
0.428 
0.482 
0.529 
0.351 
0.60 
0.0313 
0. 1012 
0.139 
0.166 
0. 188 
0.202 
0.213 
0.218 
0.222 
0.151 
0.232 
0.269 
0.272 
0.301 
0 . 0238 
0.0970 
0.1668 
0.1920 
0.2271 
0.2497 
0.2718 
0.2848 
0.2948 
0.310 
0.336 
0.107 
0.187 
0.210 
0.222 
0.227 
0.230 
0.236 
0.0706 
0.1205 
0.1380 
0.1531 
0.1627 
0.1744 
0.183 
0.197 
0.204 
0.118 
0.144 
0.176 
0.194 
0.206 
0.210 
0.214 
0.217 
0.227 
0.233 
0.361 
0.884 
0.481 
0.862 
0.343 
0.306 
0.835 
0.320 
0.128 
0.176 
0.212 


Lit. 


3 

0.6 


2 

2 

2 

2 

2 

0.5 


1 

0.6 

0.2 

0.6 


(lOSi 140) 
(14S, 140) 


( 101 ) 

(117, 104) 
(44, 101) 
(1 17, 140) 
( 240 ) 

(141, 240, 
141) 


(140) 

(140) 

(1 17, 1 70, 
Its, 140, 
101 , lot) 


(lit, tot) 


(171) 

(40, 70, 01, 
to, 147, 
lOt, 104, 
Itl) 


(11, 70, to, 
140, 171) 



(ItO) 

(11, TO, 110, 

100 , 100 , 

140, 171) 



(10, 70, 117, 
111, 147, 

100, 140, 
100, 107, 
100 ) 



<l»».t40) 

(lit) 

( 111 , 100 ) 

(*•) 

(140) 

(140) 

(lit) 

(1T4) 

(07, 101, 
101) 


Substance 


ThO».— 

Tha 

Th(8O0i 

IdiOi 

Tia 


TlBr 

T1C»HiNiOt 

picrate (red) 

(yellow) 

ZnO 


ZnCh 

ZnS, 8i>ha]erite.. 


ZnS 


Z 08 O 4 

ZoSOi.HtO. 

ZnSOa.dHiO 

Zn804.7HiO 


Zn(NOi)i. 6 HtO. . . 

ZnCOt 

ZD(CtH40i)t 

Za(CtHsOa)«.3BaO 

2CdClt.6HfO 

CdS 


3CMS04.8Ht0 


Cd(HOa)t.4HaO 
HfO 


Hsa 


I or Ai, ®C 


0 

+ 60 
30 
60 
60 
-250 
-230 
-200 
-160 
-100 
0 

. +100 
200 
400 
390 

10 

10 

-200 

-100 

0 

+ 100 
200 
400 
600 
800 
1000 
1200 
60 

-260 

-240 

-220 

-200 

-260 

-240 

-220 

-200 

-175 

-160 

-100 

0 

+ 100 
200 
400 
60 
9 
9 

-260 

-200 

-150 

-iOO 

0 

+ 60 
30 

0 to 360 
46 
86 

-200 to 20 
-160 
-100 
0 



-160 

-100 



40 

-260 

-226 

-200 

-100 

0 

+ 60 
-260 
-200 
-160 
-100 
0 
60 


ioule/c 


0.239 

0.246 

1.70 

0.41 

0.338 

0.066 

0.1280 

0.1677 

0.1931 

0.2047 

0.3176 

0.227 

0.233 

0.242 

0.22p 

0.673 

0.660 

0.16s 

0.36 

0.477 

0.641 

0.67? 

0.61 

0.64 

0.6s 

0.6s 

0 . 6 s 

0.67 

0.0088 

0.0790 

0.166 

0.202 

0.029 

0.268 

0.386 

0.430 

0.463 

0.464 

0.477 

0.486 

0.493 

0.602 

0.610 

0.78 

0.81 

1.26 

0.063 

0.409 

0.738 

0.960 

1.346 

1.437 

1.33 

0.693 +0.0al03l 
1.18 
1.71 

1.019 + 0.0036« 
0.227 
0.301 
0.369 
0.886 
0.269 
0.461 
0.686 
0.749 
0.816 
0.886 
1.00 
0.0847 
0.0620 
0.1087 
0.166 
0.203 
0.218 
0.0666 
0.1480 
0.1740 
0.1892 



lit. 


2 

2 

2 

0.6 




2 

3 

0.6 




0.6 

1 

3 
2 
2 

4 

0.6 


(•V 

(ISl) 
(SSS) 
(••» Sti» 
ISl) 


4 

2 

0.6 

1 

1 

0.5 


0.6 


0.26 


0.28 


(•0 

(«) 

(<•) 

(S4, ITS, 
Itl, 140) 


( 140 ) 

(»••) 


(Its, lit, 

111, lit, 
14T, lit* 
14S) 


(IIS) 

(IIS) 

(tSS) 

(00, BS, llli 
IIT, IIS, 
111 , 

its. Its, 

171) 

( 104 ) 

(I4T) 

(114) 

(114) 

(ITT) 

( 111 ) 


(OS, Si, 

Its, tff) 


( 111 ) 
(ISS, 1ST, 

iss, ssi) 


'(4S, SI, 1SS» 
ISS, *ss» 
ISA) 


.2141 




HEAT CAPACITY— INORGANIC CRYSTALLINE COMPOUNDS: 18 TO 43 
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SobtteBoe 1 

<or Al. 1 

Cp, joule/g 


% 

1 Lit. 

..4.. 

-180 

0.203 

1 


(IS, 1 »T, 

1 

-100 

0.235 

0. 

6 

SIS) 

I 

- 80 

0.257 ! 




1 

0 

0.268 





+ 100 

0 280 




HgBri 1 

100 

0.217 

3 


(IS#) 

H«I 

-120 to +100 

0.149s + 0.0«65l 

2 


(SI, S 40 ) 

Hfli (i<ed) 1 

-100 

0.147 

1 


(IS, 11 , 101 , 

1 

-100 

0.159 

0. 

• 

5 

IPS, t 40 } 

1 

0 

0.169 





+ 80 

0.173 




1 

100 

0.173 




(3rel]ow) 1 

' 206 

0.167 

10 


( 101 , lOS) 

HgS 

-150 

0.135 

1 


(IST, 140 , 

1 

-100 ' 

0.178 

0. 

5 

tSl) 

1 

- 60 

0.200 




1 

0 

0.2116 

0. 

25 


I 

+ 50 

0.2175 





100 

0.2187 




HfiSOa 

-250 

0.0452 

.1 


(••* SSt, 


-200 

0.1087 

0. 

5 

'tap, STP, 


-150 

0.1713 

0. 

25 

171) 

1 

-100 

0.2032 




1 

0 

0.2580 




1 

+ 50 

0.2844 

0. 

25 


Hg(CN)t 

20 

0.42 

3 


(117) 

OuO . f 1 

-200 

0.144 

0. 

26 

( 117 , IPt, 

1 

-100 

0.376 



IPS. IPS) 

1 

0 

0.523 




1 

+ 100 

0.602 




1 

200 

0.648 




1 

400 

0.669 




1 

600 

0.677 




CoiO 1 

0 

0.460 

1 


( 117 , IPS) 

1 

100 

0.485 




1 

200 

0.506 




1 

300 

0.523 




1 

400 

0.535 




Cua, 

58 

0.58 

2 


( 14 P) 

Cul 1 

-390 

0.0226 

0. 

25 

(PP, tPP, 

I 

-230 

0.1217 



IPt) 

1 

- 2 iD 

0.1907 





-150 

0.2350 




1 

-100 

1 

0.2543 




1 

- 50 

0.2668 





0 

0.2752 




CoS 

+ 80 

0.2810 


1 


-180 

0.32 

6 


(IP, tPt) 


- 78 

0.43 

4 




0 

0.54 

2 



1 

+ 100 

0 63 





200 

0.72 

4 




300 

0.67 

6 




400 

0.61 

6 




800 

0.56 

6 




600 

0.52 

8 



CoiB 

800 

0 iA 10A 

0.48 

8 


(IP, tPP) 

> 

V 09 AW 

104U 

U.44w + O.OOllQt 

2 


CttSOa 

190 

-180 

0.61 

0.3^ 

2 

0. 

5 

(**) 

(PP, ItP, 

1 

- 80 

0.587 



IPS, tip. 

1 

0 

0.616 



tTP, tTP) 

Cna04.HoO. . . . 

+ 80 
-180 

0.604 

0.806 

0. 

5 



- 80 

0.687 



!?•) 


0 

0.719 




Cu804.3Hf0 

+ 80 

A 

. 0.798 



1 

CuSOa.SHiO 

-180 

0.950 

0.646 

a 


(tTP) 

(PP, tap. 


— 100 

0.790 



IIT, t 4 P, 


- 80 

0.984 



tTP, tTP, 

OodBe 

0 

+ n 

1.006 

1 STM 



tSt) 

00 

llOU 

A a 

0.487 

8 

1 

1 


(•*) 

Cii80«.(NH4)M«.. 

200 

0.487 

1 

2 



6H«0 

-ISO 
- ?» 

0.85 

0.07 

2 


(lit) 


0 

1.07 

1 




Substa&ce 


t or ®C 


cp. joule/K 


I ± % ! Lit. 


2Cu0.CX)».H«0, 

Malaohjt« 

CuPbSbSj, Bour- 
nooite 

Asa 


AgBr 


Agl 


Ag<S 


AgtSe 

AgNOa 


AgaA«Sa, Proustite.. 
Ag;aSb8a. Pyrargy- 

rite 

A«CN 

AgCNO 

(AgCNO)a 

Agl.PbIt 

Aul 


MdO. 

MnOa 


MttiOa 

AliiaOa.SSsO 

Mnfi 

MnSOa 

MnSOa.fiHiO 

MD(N0a)>.6H«0... . 
FeiOs 


a7 

50 

-200 

-240 

-220 

-200 

-100 

- 50 

0 

+ 60 
100 
200 
300 
400 
500 
-100 

- 50 

0 

f 100 
200 
400 
-260 
-240 
-220 
-200 
-150 
-100 

- 60 

0 

+ 100 
-160 
-100 
0 

+ 60 
100 


-160 to 20 
40 
40 

50 to 250 
-100 
- 60 
0 

+ 50 
68 

-160 
-100 
- .50 
0 

+ 50 
100 
68 
38 
60 
61 
32 
47 

-180 

-100 

0 

+ 100 
200 
800 
350 
360 
370 
400 
500 
600 
700 


0.74 

0.31 
0.037 
0.143 
0.231 
0.265a 
0.331 
0.361 
0.355 
0.379 
4). 388a 
0.408 
0.414 
0.421 
0.423 
0.261 
0.265 
0.291 
0.307 
0.312 
0.318 
0.043 
0.102 
0.140 
0.1706 
0.2028 
0.2120 
0.2175 
0.2292 
0.248 
0.196 
0.251 
0.301 
0.313 
0.318 


150 

0.35 

to 187 

0.29 

50 

o.ei 

160U 


178 

0 65 

192 

0.82 

50 

0.34 

50 

0.32 


0.586 + 0.Q0230< 
0.52 
0.410 

0. 182 + 0.0001141 
0.148 
0.157 
0.169 
0.181 
0.66 
0.355 
0.480 
0.573 
0.636 
0.682 
0.703 
0.68 
0.74 
0.58 
0.76 

1.35 
1.56 
0.171 
0.410 
o.eit 
0.76 
0.88 
0.94 
0.98 

U 

1.06 
1.10 
1.23 

1.36 
1.40 


6 

6 

2 

0.5 

0.25 


0.5 


(104) 

(*»•> 

(40. 07. 70, 

• 1 » to, Oi, 

1«»» l»4f 
lt«» 140) 


(07, 00» 140) 


4 

2 

1 

0.5 

0.26 

1 

1 


(II, 07, 10, 

111 , too, 

111, 104, 
101, 140) 


(14, 111, 
171) 


3 

4 


4 

3 

3 

2 

2 

2 

2 

2 

1 


(»*) 

(too, 140) 

(too, 100) 

(••) 

(170) 

(170) 

(••) 

( 111 ) 

( 111 ) 

(*•) 

( 110 ) 


2 

1 

0.5 


(117) 
(117, lot) 


1 

2 

2 

2 

2 

2 

2 

2 


(104) 

(117) 

<t70) 

( 110 ) 

(117) 

(104) 

( 00 , ato» 

140, tot) 
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SulMtance I I or Af, ®C I Cp, joule/g 


2FeiOi.3HtO, LimcH 

nite 

FetOt 


FeS. 

Fe8t 


FerSi, Mftffsetio 
pyrites 


FeSO* 

FeS04.4Ht0 

Fc804.7HiO 


00 

-200 

-100 

0 

+ 100 
200 
300 
400 
500 
550 

0 to 700 
-280 
-226 
-200 
-160 
-100 
- 60 
0 

+ 50 
100 
150 

0 

100 

200 

300 

360 

46 

9 

-160 
-100 
- 60 


0 

+ 10 

FeAsS 56 

FeAfla 60 

FeCOa 64 

Fei(aiO«)a 60 

FeCuSt* Cbftlet^ 
pyrite I 48 

FeCntSa 48 

Co804.7HaO 48 

Co(NO»)a.eHiO.... 32 

CoAmS, CobaltlU . 68 

Nia -100 

0 

+ 100 
300 
226 

NiBOa 68 

NiSOa.eHiO 36 

NUNO«)».6HiO... 80 

Ni(CO)4 -78 to -188 

FeCoNlAsa^ 60 

OfO» -200 

-100 
0 

f 60 

Cr«<804}i 60 

Cn<80a)»^aiO 60 

FhCtOt 36 

MoOi 64 

WOi -160 

-100 
0 

+ 60 

SMnWOaJFeWOa.. 0 to 300 

UgOi -160 

-100 
0 

+ 60 

CbK)> 60 to 460 

(ritnooi) -260 to 300 

PbBiOt 67 

PbBgOi 67 

PblfoO« 16 

PlaWOa 16 


0 04 
0.14 
0.45 
0.63 
0.76 
0.86 
0.03 
1.00 
1.07 
1.11 

0.567 + 0.000661 
0.0042 
0.0107 
0.075 
0.222 
0.362 
0.483 
0.49^ 

0.535 

0.669 

0.615 

0.694 

0.667 

0.77 

0.06 

1.11 

0.70 

1.19 

0.67 

0.90 

1.12 

1.36 

1.41 

0.47 

0.36 

0.81 

0.80 

0.64 

0.49 
1.43 
1.66 
0.41 
0.372 
0.486 
0.637 
0.677 
0.683 
‘ 0.90 
1.31 
1.98 
0.69 
0.36 
0.111 
0.414 
0.703 
0.790 
0.73 
0.836 
0.38 
0.36 
0.16 
0.222 
0.311 
0.348 

0.41 + 0.000071 
0.164 
0.206 
0.281 
0.814 

0.428 + 0. 000641 
0.806 + 0.0023«l 

0.878 
0.47 
0.42 
0.822 


iT"^! Lit! 

Substance 

1 1 or AA *C 

1 

BN 

200 

2 (»«) 


400 

10 (110* ISO. 


600 

6 »>«) 


800 



900 


AJtOi, Corundum, 



sapphire, eto 

-200 



-160 



-100 



- 60 



0 

2 (IS, aso) 


+ 60 

3 (tg. at, 117, 


100 

2 111,117, 


200 

1 aa, Its, 


400 

1 140, IfS) 


600 

0.6 


800 



1000 


A](OH). 

-200 



-100 

1 


0 

1.6 


+ 60 



100 

2 (»*^» *S7, 


200 

I at) 

1 

1 

1 

300 

3 

1 

1 

1 

400 



600 

4 


800 

3 (*®») 


900 

2 (*»•) 


1000 

2 (ita. lar. 


1100 

aat) 

AlFi 

36 

1 

2AlFt.7HtO 

36 

1 

Aiaa (a) 

93 


(6) 

0 

10 (104, a7S) 

% 

4 

100 

3 (ITS) 

Aiaa.OHtO 

) 36 

2 (140) 

AICU 6 NH 1 

f wv 

- 4 

2 (SOI) 

Ali(S04)a 

60 


Ali(B04)a.l7Ht0... . 

34 

2 (lit* 117, 

Ai fC 1 lO 1 1. 1 8 HjO, 


104) 

Mellite 

62 

2 (STS) 

AlWSOg. a. p. 101. 


2 0*T) 

2(AlF)O.BiOi, 


0.6 (SSS) 

Topas 

62 

2 (104, STS) 

SctOt 

-160 to 40 

3 (*••) 

YtOi 

67 

2 

LaiOi 

60 


Lat(Mo04)« 

16 


O^Ot 

-160 



-100 

2 (SSS) 


- 60 

2 (>*T) 


0 

0.6 (SS4) 


+ 60 

3 (SS) 

CeSOg 

60 

3 (STS) 

Ce80«.6Hf0... 

60 

2 (1S7,MS. 

C«s(Mo04)g 

16 

1 SSS) 

OatOi 

60 


EriOg 

60 


YbfOa 

60 

2 (sst) 

BeO 

-200 

2 (SSI) 


-190 

3 (>S7) 


-180 

2 (SSS) 


+ 60 

2 (140, SSS) 


100 

1 


200 



400 



600 

3 (<ST) 


800 

1 (»•*) 


900 

1 

Bee04 

60 


AlaBsOt, Chryso- 



beryl 

60 

2 («•») 

Yi(Mo04), 

16 

3 (SS, SSS, 

3Be0.AJ>0«.68i0a. 


SSS) 

Beryl 

67 

2 (SSS) 

M«0 

-240 

2 (SSS) 


••>230 

2 1 (Si.i) 


— 200 

2 1 (at.t) 


-180 



-160 


r^"^rjouie7*”"r±"'^ 


Ui 


1.46 

1.80 

2.06 

2.28 

2.36 

0.069 

0.226 

0.416 

0.698 

0.73 

0.83 

0.89 

0.97 

1.07 

1.12 

1.16 

1.17 

0.146 

0.433 

0.740 

0.846 

0.899 

0.962 

0.996 

1.012 

1.029 

1,034 

1.096 
1.160 
1.266 
0.96 
1.43 

1.96 
0.82 
1.62 
1.31 
1.67 
0.77 
1.48 

1.39 


(17t) 


3 

6 


1 

1 

0.6 


8 

4 

6 

6 

2 

2 

3 

2 

2 

3 

2 

1 


0.86 

0.701 +0.0027« 
0.468 
0.314 
0.48 
0.177 
0.261 
0.309 
0.364 
0.397 
0.49 
0.84 
0.63 
0.44 
0.273 
0.272 
0.029 
0.043 
0.066 
1.09 
1.26 
1.47 
1.76 
1.93 
2.04. 

2.08 

0.88 

0.84 

0.87 

0.84 

0.0027 

0.014s 

0.066 

0.16T 

0.814 


1 

1 

1 

2 

2 

0.6 


8 

8 

2 

2 

2 

2 

8 


3 

2 

2 

3 


(«#. if* 111. 

SSI* las* 
sas* ass 
asa* ail) 


(isa* asa* 
aas* ass* 
asa* ail) 


(”) 

(«) 

(SSS) 

(ia*as4) 

(IS* ass) 

(«) 

(fSf) 

(”) 

(<•) 


(isa* 1 ST) 
(sss*ais) 

(fSi) 

(*•») 

(ii.i) 

(tst* asf) 


(fSI) 

(iSS) 

(fS.f) 

(isa) 

(ISf) 

(•••) 

<ISS) 


(ITI, !••) 


(ISI) 


(«••) 

(ISS) 

(M.f) 

(I sa.ass) 
(ISS) 




V 



HEAT CAPACITY— INORGANIC CRYSTALLINE COMPOUNDS: 43 TO 79 


99 


Subatanoe 


I < or A<. I e,, joule/g 


± % 


Lit. 


8ub«tane« 


I or At. 


MfO.— (C<ml*d) .... I - 100 

- 60 
0 

+ 60 
100 
200 
400 
600 
800 
1000 
1500 
2000 
2600 

MgO.HtO. Brucite.. 36 

MgCli 48 

MgCli.6HfO 44 

MgSOi 61 

Mg80«.Bs0 0 

MgS04.6Hi0 0 

M^804.7Hi0 12 

Mg(NOi)».6HtO.... 66 

MgCOi 26 

MgiSiiOii.HtO. 

Talc j 67 

eMgO.MgOt- 

8BsO), Boracito 

(hesabedral) —60 to 360 

(dodecahedral)... 60 

100 
200 
260 
266U 
300 

CaO I - 240 

-220 
-200 
-160 
-100 
- 60 
0 

+ 100 
200 
400 
600 
800 
1000 

« . 1200 

CaHi I —210 

-200 
-180 

Ca(OH)i I —260 

-200 
-160 
-100 
- 60 
0 

I -280 

-200 * 
-160 
-100 
60 
0 

+ 40 
80 
61 

-160 
- 75 
0 
9 

0 to 400 


OaCli 

CaCli.6HtO 

CaSOt.QHtO 

Ca80« 

CaS04.2Hi0 

Ca(POi)t 


36 

-260 

-240 

-220 

-200 

-100 

0 

+ 60 


Cp, joule/g I ± % 


Lit 


0.64 

0.74 

0.874 

0.97 

1.02 

1.09 

1.16 

1.22 

1.28 

1.35 

1.49 

1.62 

1.7« 

1.30 

0.81 

1.58 

0.93 

1.00 

1.46 

1.61 

3.71 

0.838 

0.87 


0.763 + 0. 0026434 
0.90 
1.00 
1.22 
1.37 

1.69 
0.011 
0.063 
0.142 
0.368 
0.64 
0.66 
0.74 
0.824 
0.867 

0.8Sa 
0.91 
0.92 
0.94 
0.96 
0.141 
0.196 
0.302 
0.029 
0.206 
0.610 
0.766 
0.949 
1.087 
1.204 
0.0117 
0.218 
0.470 
0.640 
0.603 
0.864 
0.887 
0.907 
0.686 
0.91 
1.18 
1.34 
1.14 

10.7084 + 0.0006094 

1.11 

0.00630 
0.01212 
0 . 0432 
0.1018 
0.663 
0.796 
0.828 


3 

6 

10 

2 

1 

1 

1 

2 

2 

1 

1 

0.6 


4 

2 


7 

6 

2 


2 

4 


3 

2 

1 

0.5 


4 

3 

0.6 

0.26 


2 

6 

4 

1 

1 to 3 
1 

0.6 


10 

6 

2 


(ITO, aao» 

140, ati) 


CaCt 


(»ii) 


(l»7) 

(1*7, S44) 
(as4) 

(114, 140) 
(liO) 
(144) 
(117, 114) 
(144) 

(144) 

(144) 


(144) 

(144) 


(44. lit, 141, 
170, 144, 
144, 114, 

• 11 ) 


(144) 


144) 


(••» til, 
117, 114, 
144, 144) 


(144) 

(«7, 114) 


(•«) 

(117, 147, 
144, 111) 
(111, 117, 
144, 111) 
(144) 


( 


') 


CaCOt, Aragonite 


CaCOt, Spar 


CaCOi, Marble. 


Ca(HCOi)i, 
Formate. . . . 
CaSiO*. 

WoUaatonite 


CaSiOs, Paeudo- 
wollaatonite. . 


CaMoO* 

CaWO« 

CaO.AltOi(BiOs)t, 
Anorthite 


CaO.MgO 

CaMg(COi)i. 
CaMg(SiOs)«, 
Diopaide. . . 


SrCIi 

SrSOi 

8r(NOi)t. . . 

8rCO« 

8rMo04 

BaCIi 

BaClt-HiO. . . . 
BaClt.2HtO. . . 

Ba(010i) i.HiO 
BaSOi 

4 

BaSflOi 

Ba(NOa}t 


20-326 
20-600 
20-726 
-250 
-200 
-160 
-100 
- 60 
0 

+ 60 
100 
200 
300 
-250 
-226 
-200 
-160 
-100 
0 

+ 100 
200 
400 
-250 
-200 
-100 
- 60 
0 

+ 100 
200 
300 

0 to 100 
0 

100 

200 

400 

800 

1200 

100 to 1300 

16 

16 

0 

100 

200 

400 

600 

800 


ri:i 


26 

46 

60 

100 

200 

300 

400 

600 

800 

1000 

1200 

1300 

68 

48 

32 

64 

16 

0 to 100 
9 

0 to 60 
82 

0 to 1000 


0.92 

1.00 

1.16 

0.0100 

0.188 

0.410 

0.686 

0.698 

0.787 

0.863 

0.886 

0.041 

0.979 

0.0088 

0.0611 

0.201 

0.462 

0.690 

0.763 

0.870 

0.962 

1.129 

0.042 

0.280 

0.539 

0.790 

0.861 

0.897 

0.018 

0.928 

0.994 + 0.00046t 

0.72 

0.816 

0.890 

O.OSi 

1.08 

1.12 

by 0.006 than 
WoUaatonite 
0.69 
0.436 

0.73 
0.86 
0.06 
1.06 
1.11 
1.16 
1.20 
0.879 
0.91 

0.81. 

0.87 
0.06 
1.02 
1.07 
1:13 
1.17 

1.19 
1.30 

1.20 
0.60 
0.60 
0.76 
0.61 
0.62 


2 

1 

7 


5 

3 

2 

1 

0.6 

1 

2 

1 


2 

1 

1 


2 

2 


0.5 

2 

0.6 


2 

2 

2 

3 

2 


0.3667 + 0.000386t| 1 

0.62 2 

0 . 6872 + 0 . 00^287t 2 

0.66 2 

10.4660 + 0.000140t 2 to 4 


(144) 


(144) 


(117, 141) 


(44, 144, ill, 
117, 147, 
144, 144. 

14 4) 

(44, 44, 104. 
Ill, 111, 
147, 174, 
144, 144) 


(111, 14«, 
ail, 144, 
147, lit) 


(114) 

(144. 114, 
114) 


(lit, lit) 

(41.4) 

(44.4, 

(»04,ai4) 


(144) 
(117, 144) 

(*i«. aiT, 

414) 


68 

47 


0.68 

0.62 


3 

2 


(144) 
(117, 144) 
(117) 
(140) 
(44.4) 
(117, 144. 

174, 171) 
(174, 171) 
(117, 170, 
171) 
<117) 

(111, 117, 
141, 147, 
144, 140) 
(117) 

(117, 140) 




100 


INTERNATIONAL CRITICAL TABLES 


Subetance 


BaCO. 


BaCO», Witherita 


Ba(CHOt),. 

Formate. 
BaMo 04 . . . 
LiH 


UOH 


LiF 

ua 

LitStOi 

UNOi 

Li>O.A]sOi.4SiOi, 
Spodumene. . . . 
LitO.AliOj.SSiOi, 

PetaJite 

NaF 


Naa 


>:aBr 


Nal 


Na> 80 < 


XatSsO* 

XaiStOa.oHiO. . 

XaXOa 


XaPO, 

XaiPtO? 

XatHPOi.THiO.., 


t or Al, ®C 

100 
200 
400 
600 
800 
800 
000 
1000 

0 to 120 
16 

-200 
-180 
-160 
- 80 
0 

+ 60 
-210 
-200 
-100 
-180 
-170 
-100 
0 

+ 60 
10 
66 
68 
210 

60 

68 

-160 
-100 
- 60 
0 

- 1-100 
-260 
-200 
-160 
-100 
0 

+ 100 
200 
400 
600 
600 
-160 
-100 
0 

+ 100 
200 
-150 
-100 
0 

+ 60 
-200 
-160 
-100 
- 60 
0 

+ 100 
0 
21 
-150 
-100 
- 60 
0 

+60 
100 
200 
260 
30 
SO 

-200 
-100 
0 

+ 60 


Cp, joule/g 

0.418 

0.460 

0.486 

0.614 

0.639 

0.544 

0.681 

0.667 

0.673 

0.672 + 0.0006o( 
0.47 
0.341 
0.667 
1.18 
3.06 
4.10 

4.48 
0.079 
0.119 
0.164 
0.224 
0.296 
0.88 

1.37 

1.49 
1.66 
1.18 
0.386 
1.62 

0.90 

0 86 
0 676 
0 886 
1.013 
1.080 
1.167 
0.021 
0.466 
0.667 
0.736 
0.863 
0.908 
0.934 
0.96 
0.97 
0.99 
0.408 
0.460 
0.492 
0.618 
0.627 
0.302 
0.324 
0.347 
0.366 
0.316 
0.603 
0.664 
0.770 
0.846 
0.919 
0.93 

1.46 
0.627 
0.807 
0.937 
1.036 
1.129 
1.23 

1.38 
1.60 
0.91 

0. 96 
0.60 

1. ca 

1.47 
1.70 


± % t Ut. 

2 |(IJ1, !•», 

t40) 


(I4») 


1 to 2 (114) 


2 

0.6 


0.6 

6 

3 

1 


6 

1 

1 

2 

2 

2 


2 

2 

0.26 


10 

1 

0.5 


1 

2 

4 


0.6 


1 

1 


0.6 


1 

3 

0.6 


1 

2 

4 

2 

2 

2 

1 


(■»•») 

(l«T) 


(laT) 


(<•) 

(»4») 

(117) 

(••) 

(174) 

(1*4) 
(4t, Mt) 


(4*. •7, 111, 
141, 171, 
114, 111, 
117, 141, 
141) 


(41, til, in, 
141, 171) 


(41, 111, 141, 
ITl) 


(••• 111, 141, 
171) 


(IIT.ITI) 
(171, lit) 
(11, 11, 141, 
171) 


(117) 

(141) 
(111, 111) 



NatHP04.12HtO.. 


NaiCOt 

NaHCOt, Formate. 
NaCiHiOi* Acetate. 
NaCtH>0*.3HtO. . . 


+ 


NaCNO 

(NaCNO)i 

NaftSOa.CuSOa.' 

6H.O 

XatBtOi 

NaiBaOf 

NatBiQj.lOHiO. 

Bom 

3NaF.AlF«, 

Cryolite 

NaiO.AltOi.OeiOa 
AJbite 


3(NaA18itCi) + 
2(CaAlaSitOa), 


60 

45 

46 
38 

0 

10 

20 

40 

40 

40 


-160 

-100 

0 

67 

46 

36 

43 

- 60 
0 

+ 100 
200 
300 
400 
600 
800 
1000 


KtOt 

KP.. 


KQ 


KaOr 


KCIO4 

KBr 


KI... 

KaSOa 


K>8fO«. 

KR60« 

KNO4. 


0 

100 

200 

400 

600 

800 

1000 

200 to 700 
-160 
-100 
- 60 
0 

+ 60 
-260 
-200 
-160 
-100 
- 60 
0 

+ 100 
200 
400 
-160 
-100 
0 

+ 60 
100 
200 
226 
30 

“-200 

-100 

0 

MOO 

200 

300 

-140 to 80 

-160 

-100 

0 

+ 100 
60 
36 

-160 
-100 • 


0.60 

1.12 

1.69 

1.94 

1.07 

1.28 

1.42 

1.44 

1.72 

1.98 

2.62 

0.84 

0.60 

0.437 

0.611 

0.824 

1.06 

0.08 

1.61 

1.064 

0.640 

0.746 

0.887 

0.991 

1.068 

1.096 

1.164 

1.200 

1.240 


0.76 
0.86 
0.96 
1.08 
1.13 
1.17 
1.19 

0.833 + 0.0001161 
0.603 
0.727 
0.709 
0.831 
0.863 
0.060 
0.448 
0.688 
0.634 
0.664 
0.680 
0.703 
0.731 
0.740 
0.600 
0.644 
0.700 
0.867 

0. 070 
1.238 

1. *366 
0.70 
0.3264 
0.4027 
0.436 
0.462 
0.460 
0.463 

10.3124 + 0.00023»| 

0.473 
0.677 
0.736 
0.709 
0.82 
1.02 
0.670 
0.740 


2 

1 

4 

6 


2 

2 

2 

1 

0.6 

2 

2 


1 

1 

0.6 


1 

0.6 


1 

2 

3 

1 


1 

2 

3 

3 

0.6 


(IM. IM, 
I*!, aai) 


(UT, S4«) 

(i>«ista) 
(M, IM) 

(••) 


(ill) 

(ill) 

(lif) 


(i4«) 
(lar, 144) 

(MT) 


0.5 |(is»iii» 

MT, 144) 
2 1(144,114) 


3 

3 

0.6 


(•44, 414) 


(114) 
(44, Ml) 


(44, MT, 144, 
144, IT4, 

144, 144, 

I4T, IM, 
•44, 444) 


(44, 44, I4T, 
444) 


V 

(MT) 

(44, 44, I44» 
1T4, 144, 
444) 


(44, 144,lt». 
•44) 

(44, 144, l4Tf 
444) 


(4IT) 

(»*^) 

(44, 44, MT, 
*«•) 




HEAT CAPACITY— ORGANIC CRYSTALLINE COMPOUNDS 


101 




Subat&noe 


I 


KNO*.— (ConI’d).. . 


KiPfO? 

KHtPO*. . . . 

KAsOi 

KHtAsOi... 

KiCOi 

KtCsOi.HiO 


KCtBaOi 


KHvC 40 i. 2 HfO 

KW-CiHiO#) 

K(<U-C4H»00 

K1C4H4O4 

K£aC\* 

KsZd014 

Kt8O4.Zn8O4.dHsO 


KtZn(CN)4.... 

KtCua4.2H>0 

KiPtas 

K>Fe(CN)«. . . . 
KsFeCCN)#.,.. 


K4Fe(CN)4.aHiO.. 


K18O4 Ni 804 . 6 Hf 0 

KiCtOs 

KtCriOi 

Ki804.Crt(804)i.- 
24 HiO 


KaBiOt 

KsBsOt 

K*804.A1, (804)1.- 

24 HiO 


or M, ®C I 

Cp, joule/g 

1 ± % 1 Ut. 

Subetaoce 

1 tor £U. 

j 

Cp, joulo/g 

± % 

1 Lit. 

0 

0.806 



KtO.AlsOi.6SiOi. 





+ 100 

1.004 

1 

1 

MiorocUne 

0 

1.5 2* 

0.5 

(3IS) 

200 

1.117 




100 

17.0 

300 

1.22 

2 



200 

19.7 



68 

0.80 

2 

(140) 


400 

22.3 

1 


33 

0.87 

3 

(117) 


800 

24 3 

1 


68 

0.65 

2 

(140) 


1000 

24.8 



31 

0.73 

2 

(IIT) 

KtO.AltOi.68iOsi 





47 

0.88 

1 

(117. 140) 

(00, 117) 

Orthocl AS6 

100 

0 86 

1 

1 

(304, 314^ 

-100 

0.70 

1.5 


200 

0.92 

- 60 

0.85 




400 

1.03 



- 20 

0.03 




600 

1.11 



+ 20 

0.07 




800 

1.14 



20 

1.14 

2 

(II4) 


1000. 

1.17 

1 


40 

1.74 




1100 

1 

1 19 



60 

2.20 



KtO.AitOi.esiOt. 

1 




80 

2.63 



Adular 

0 

0.732 


(147, Its, 

100 

2.00 




100 

0.799 

2 

S04, 274) 

35 

1.18 

2 

(117) 


200 

0 842 



10 

0.07 

1 

(*•) 


300 

0.937 



10 

0.08 

1 

{*•) 


400 

1.000 



35 

1.07 

2 

(117) 

KtSO 4 .MgSO 1 . 6 HtO 

35 

1.10 

2 

(127) 

35 

0.56 

2 

(117) 

KNaC4H404.4Hi0.. 

35 

1.37 

2 

(117, 

32 

0.64 

2 

(117) 

RbF 

10 

0.482 

1 

(4t) 

-150 

0.40 

2 

(115, 

RbCl 

10 

0.424 

1 

(4t, 117) 

-100 

0.65 

1 


RbBr 

10 

0.311 

1 

(<•) 

0 

0.81 



Rbl 

10 

0 243 

1 

(<•) 

30 

1.01 

2 

(117) 

RbtCOi 

33 

0.51 

5 

(117) 

35 

0.82 

2 

(117) 

CoF 

10 

0 333 

1 

(*•) 

30 

0.47 

2 

(117) 

CsCl 

10 

0.312 

1 

(**) 

26 

0.07 

2 

(117) 

(DeBr 

10 

0.243 

1 

(**) 

-200 

0.307 

3 

(loa, 104. 

Col i 

10 ' 

0 200 

1 

(*•) 

- 150 

0.644 


1 05, 170, 






-100 

0.604 

2 

171) 






0 

0.878 

1 







- 50 

0 041 








-200 

0.464 

3 

(101, 104, 






-160 

-100 

0.767 

0.037 

1 

0.6 

105. 170, 

171, 

AlfSiO*, Cp, joule/g 

±2% (fiO, 147, 

200) 


0 

1.118 

t, “C 

Cyanite 

Andalusite 

Sillimanite 

+ 60 

31 

1.102 

1.02 

2 

(117) 

-260 

0.0025 

0.012 


0.010 

46 ! 

0.78 

2 

(117, 140) 

-200 

0.0775 

0.162 


0.133 

0 to 400 

0.746 + 0.000602< 

2 

(01, 117, 

-160 

0.245 

0.33i 


0.303 




140) 

-100 

0.425 

0.48i 


0.47o 

-150 

0.81 

5 

(•7, 117) 

0 

0.708 

0.77o 


0.72a 

-100 

0.02 


4-100 

0.874 

0.964 


0.875 

0 

1.08 



200 

0.088 

1.07 


0.994 

HlOO 

1.23 



300 

I.O60 

1.13 


1.075 

57 

57 

0.04 

0.02 

2 

2 

(140) 

(140) 

400 

1.09« 

1.17 


1.126 




600 

1.16 

1.17 


1.16 

-260 

0.080 

1 

(11, 07, 100) 

800 

1.19 

1.17 


1.17 

-200 

0.560 



1000 

1.23 

1 1.17 


1.17 

-150 

-100 

0.862 

1 068 



1100 

1.24 

1.175 


1.17 

• 0 

1.355 



1200 

1.25 

1.176 


1.17 

H* 50 

1.506 



* Molecular heat/number of atoms in molecule. 
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Formula 

CrHaClaOs 

C\YhO, 

C2H,04.2H,0 


CiHiClO, 

C,H,CI,0, 

C1H4N4 

C,H40, 

C,HeO 


CjHeOj 
CJI,N,0, 
CsH.N.O, 
C»H 4 O 4 
C4H.N« 

C,H40 

C,H.O, 

C,H.O 


CtH«Oi 


CiHcOt 

C4Ht04 

C4H<04 

C 4 H 4 O. 

C4H.0«.H,0 


C4H7CliOf 

C^H.oO 

C4H10O4 

CtHiOi 

CftHiOt 

cja,N,OT 


C,H«BrCl 

CtH«BrCl 

CcHiBrCl 


Name 

Dichloroacetic acid 
Oxalic acid 
Oxalic acid 


Chloroacetic acid 
Chloral hydrate. 
Dicyandiamide . . 
Acetic acid 


Ethyl alcohol (crystalline) 


(vitreous) 


Glycol 

Cyamelide 

Cyanuric acid . 
Malonic acid . . 

Melamine 

Acetone 

Propionic acid. . 
n-Propyl alcohol 


Isopropyl alcohol 
Glycerol 


Crotonic acid 

Succinic acid 

Dimethyl oxalate 
Tartaric acid .... 
Tartaric acid 


Chloral alcoholate. 
Trimethyl carbinol 

Erythritol 

Glutaric acid 

Pyrotartaric acid . . 
Picric acid 


<HBronK>chlorobensene . 
tn-Bromochlorobensene 
p-Bromochlorobenxene . 


solid 
-200 to 50 
-200 
-100 
0 

H- 60 
100 
60 
32 

0 to 204 
-200 to -1-25 

-190 

-180 

-160 

-140 

-130 

-190 

-180 

-175 

-170 

-190 to -40 
40 
40 
20 
40 

-210 to -80 

- ‘33 
-200 
-175 
-160 
-130 

-200 to -160 
-266 
-260 
-250 
-220 
-200 
-100 
0 

38 to 70 

0 to 160 
10 to 50 
36 

-160 

-100 

- 60 

0 

+ 60 
78 

- 4 
60 
20 
20 

-100 

0 

+ 60 
100 
120 

- 34 

- 62 
- 40 

0 

+ 40 
60 


Cp, jou le/g 

1.70 

1.084 + 0.00319< 
0.489 
1.000 
1.414 
1.61 
1.74 
1.52 
0.89 
1.91 

1.382+ 0.00336^ 

0.970 

1.037 

1.179 

1.330 

1.572 

1.09 
1.24 
1.59 
1.67 

1.53 + 0.00469£ 

1.10 
1.33 
1.15 
1.47 

2.260 + 0.0656« 

3.04 
0.71 
1.62 
1.97 
2.08 

0.212 + 0.0069i 
0.038 
0.090 
0.197 
0.366 
0.48 
0.91 
1.38 

2.178 - 0.000826/ 

1.039 + 0.0064U 

0.887 + 0.0184/ 
1.20 
0.468 
0.711 
0.966 
1.288 
1.53 
2.13 
2.34 
1.47 
1.26 
1.26 
0.690 

1.004 
1.100 
1.243 
1.388 
0.803 
0.627 
0.629 
0.713 
0.766 
0.797 


Lit. 


±% I 

2 (233) 

0.6 *»*) 

1 (120, 104, lOS) 

0.6 


1 

2 

1 

1 

2 

0.5 


1 


2 

2 

2 

2 

2 

2 

2 

3 


10 


2 

2 

2 

2 

2 

1 

0.6 

1 

2 

2 

3 

2 

2 

2 


(233) 

(27, 288) 

( 211 ) 

(68, 86, 92, 108, 
178, 219) 

(98) 


1 

1 

1 


(98) 


(219, 306) 
( 211 ) 
( 211 ) 
( 120 ) 

(219) 

(177) 

(95) 


(219) 

(93, 282, 283) 


(189) 

(114,120) 

(114) 

(137) 

(86, 137) 


(«) 

(•*) 

(181) 

( 120 ) 

( 120 ) 

(393) 


(188, 189) 
(188, 189) 
(188, 189) 



HEAT CAPACITY— ORGANIC CRYSTALLINE COMPOUNDS: C,H, TO CtH. 


Formula 

C,H 3 rI^ 
C»H 3 rI 
C«H4BrI 

C.H4Br, 

CiHiCl, 
CiHids 
C«H4Glt 
C4HJ, 
C.HJ, 
C.H4I1 

C.H 4 N ^4 

C.H4K,04 

C,H*N ,04 
C4H40S 


04H4BIO 

C 4 HJ 

C.H 4 NO* 




CcHfNiOi 

C4H,N,0, 

CtHtOt 

C«HiOs 

C 4 H 4 O. 


CtHitOi 


CtHisO* 

CtHHOi 

G*Hi404 

CtH.CIOi 

CjH.ClO, 

CtH.CIO* 

C,H»N 04 

CTH 4 N 04 

CIH 4 N 04 


* Name 

o-Bromoiodobenaene . 
fa>Bromoiodobenaene 
p-Bromoiodobensene . 
CKDibromobenaene . . . 
fa-Dibromobenaene . . 
7>-Dibromobeiiaene . . 
o-Dichlorobenaene . . . 
m-Dichlorobenaene . . 
p-Dichk>robenaene . . . 

o-Diiodobeuaene 

m-Diiodobenaene .... 
p-Diiodobenaene .... 
o-Dinitrobenaene. . . . 
m-Dinitrobenaene . . . 

p^Dinitrobenaene 

Quinone 

Bromophenol 

lodobenaene 

Nitrobenaene 


Benaene, c/. p. 86 


Levuloeo 

Dulcitol 

Mannitol 

• • ♦ a e a • 

o-Ch1orobenaoic acid. 
fa>Chlorobenioic acid 
7>-Chlorobenaoic acid . 
o-Nitrobenaoic acid . . 
w-Nitrobenaoic acid . 
p-Nitrobenaoio acid. . 


o>Nitroaniline 

fa>NitroaniUne ....... 

p-Nitroaniline 

a>Dihydroxybenaene . 
m*Dibydrozybenaenc 
p-Dibydrozybenaene . 


Dextrin 

Leroglueoaane 
Dextrose 


1 <r^c 

1 Cpy joule/g 

-60 to 0 

0.6970 + 0 001041 

-75 to -15 

0.697 

— 40 to 50 

0.4859 H- 0.00133( 

- 36 

1.04 

- 25 

0.66 

-60 to 50 

0.582 -f O.OOIW 

- 48.5 

0.774 

- 62 

0.778 

— 60 to 53 

0.917 + 0.0086« 

-60 to 15 

0.466 + 0.001U 

-62 to -42 

0.42 + O.OOlU 

-60 to 80 

0.424 +0.0012« 

-160 to M. P. 

1.064 + 0.00349< 

-160 to M. P. 

1.038 + 0.00322i 

119 to M. P. 

1.083 + 0.0024/ 

-250 

0.130 

-226 ; 

0.343 

-200 

0.473 

-150 to M. P. 

1.182 + 0.00348/ 

32 

1.10 

40 

0.80 

10 

1.50 

20 

1.46 

40 

1.39 

• 60 

1.38 

80 

1.40 

100 

1.49 

120 

1.65 

-260 

0.167 

-225 

0.38 

-200 

0.62 

^50 

0.71 

-100 

0.96 

- 60 

1.26 

0 

1.57 

-160 to M. P. 

1.125 4- 0.00385/ 

-160 to M. P. 

1.150 + 0.00396/ 

— 160 to M. P. 

1.165 H- 0.00418/ 

-163 to M. P. 

1.165 + 0. 00410/ 

-160 to M. P. 

1.126 +0.00495/ 

-260 

0.103 

-240 

0.160 

-220 

0.266 

-200 

0.339 

— 160 to M. P. 

1.12o + 0. 00390/ 

? 

3.1 

0 to 90 

1.22 + 0.0040/ 

40 

2.64 

-260 

0.0648 

-200 

0.323 

-100 

0.669 

0 

1.169 

20 

1.267 

20 

1.16 

• 20 

L18 

0 to 100 

1.31 +0.00106/ 

80 to M. P. 

0,963 + 0.00363/ 

94 to M. P. 

0.970 + 0.00306/ 

180 to M. P, 

I.OI 3 + 0.00232/ 

-163 to M. P. 

1 1.073 + 0.00367/ 

66 to M. P. 

1.07» + 0.0038a/ 

-160 to M. P. 

1.035 + 0.00323/ 



1 

1 

2 

2 

1 

2 

2 

2 

2 

2 

2 

3 

3 

2 

3 


3 

3 

2 


3 

3 

3 

3 

3 

10 

6 

5 

5 

3 

3 

2 

3 

3 

1 

0.6 


1 

2 

1 

2 

2 

2 

3 

3 

3 


LiL 

( 188 , 189 ^ 
( 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 

( 37 , 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 
( 188 , 189 ) 

(». <) 

(3,4) 

(^) 




141 


) 


( 318 ) 

( 234 ) 


( 4 , 37 , 38 , 88 , 
188 , 182 , 194 , 
232 , 288 ) 


(». *) 

( 3 , 4 , 188 ) 

( 3 , 4 , 141 , 188 ) 


(•*) 

( 167 , 284 ) 
( 211 ) 

( 188 , 282 ) 


( 187 ) 

( 188 ) 

( 137 , 181 , 187 ) 

w 

(^) 

(^) 

( 3 , 4 ) 

(»»^) 

(*» ♦) 
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Formula 
CtH*N,0. 


CrHiNiOii 


CtHtNO, 

C7H7NO, 

CtHjNO, 

C7H,o, 

CtH.N 


C*Hs04 

CsHtNK). 

CtH*Oi 

C»H|0* 

CtHtO* 

C.H.NO, 

CsHicOt 

OioH7Br 

CioH7NO* 

CioEU 

CioRtO 

Ci^IIaO 

C,oH,N 

C10H14O 

Ci^soOt 

C„H„ 

Ci*HioN| 

CitHio04 


C,»H„N 

C11H14O4 

CiiHijOn 

CiiHfiOii.HjO 

CisHttOii 

Ci»Hi*Oii 

CitHs40s 

CiiH^NfOif 

CtsHi40 


CiiHiOt 

C|4Hi4 


Ct4H|4 

CiiHi^t 

CitHiiOt 


Name | t, **C 

Trinitrotoluene * I — lOO 

- 60 
0 

-f 100 

Tetry! —100 

- 60 
0 

+ 100 

Benzoic acid 20 to M. P. 

o-Aminobenzoic acid 86 to M. P. 

m-Aminobenzoic acid 120 to M. P. 

p-Aminobenzoic acid 128 to M. P. 

Dimethylp3rrone 50 

p-Toluidine. 0 

20 
40 

Phthalic acid 20 

Trinitro^Iene - 186 to 23 

20 to 60 

o-To!uic acid 64 to M. P. 

m-Toluic acid 54 to M. P, 

p-Toluic acid 130 to M. P. 

Hydroxyacetanilide 41 to M, P. 

Caprylic acid ^ _ 2 

^Bromonapbthalene 41 

Nitronaphthalene 0 to 55 

Naphthalene - 130 to M. P. 

a-Naphthol 50 to M. P. 

(3-Naphthol 61 to M. P. 

Naphthylamine 0to60 

Thymol 0to49 

Camphene 3^ 

Capric acid g 

Diphenyl ^ 

Azobenzene 28 

Quinbydrone —260 

-226 
-200 
-100 

Dipbenylaminc 28 

Apiol jQ 

Lactoee. . . 20 

Lactose / qq 

Maltose 20 

Sucroee 20 

Mid.... . . . . . : -30 to 40 

1 Tetiyl + 1 Picric acid -100 to 100 

Benzophenone —160 

-100 
- 60 

Salol ^ 

Anthraquinone q to 270 

Anthracene ^ ^ 

100 

Dib«mzyl... 28 

Acid 

Palmitic add —180 

-140 

_ 100^ 

• There to Mriou diMrepuacy between the Mthon! over the nnee 


Cp, joule/g 

0.71* 

1.06 
1.30 
1.61 
0.761* 

0.832 

0.887 

0.987 

1.200 + 0.0021oi 

1.064 + o.oosrot 

1.069 + 0.00512£ 
1.203 +0.00368< 
1.54 
1.41 
1.62 
1.84 
0.97 
l.Olf 
1.77t 

1.160 + 0.00504r 
0.999 + 0.0081« 
1.133 + 0.00443i 
1.043 + 0.00646i 
2.63 
1.09 

0.989 + 0.0090/ 
1.176 + 0 00464/ 

1.004 + 0 00616/ 
1.056 + 0.00534/ 
1.13 +0.013/ 
1.32 + 0.013/ 
1.69 
2.91 
1.61 
1.38 
0.0690 
0.2658 
0.410 
0.799 
1.071 
1.41 
1.26 
1.20 
1.26 
1.34 
1.26 

^1.80 + 0.000114/ 
1.06 + 0.0030/ 
0.48 
0.72 
0.92 
1.16 
1.27 
1.21 

1.079 + 0.0029/ 
1.288 
1.464 
1.697 
1.62 

1.593 + 0.0228/ 
0.70 
0.87 
1.05 


8 

1 


2 

6 

5 

6 
2 
6 
2 
6 
2 
2 
6 
3 
3 
3 

3 

2 

2 

6 

2 

• 

2 

2 

3 

2 

3 

2 

1 

1 


2 

3 

1 

1 

1 

1 

1 

2 

6 

3 

1 


1 

2 

2 


Lit, 

(7f, ist, ttl) 


(JS8, 898) 


(4, 180) 

(♦) 

(^) 

W 

(837) 

(80) 


(180) 

( 888 ) 

W 

(*) 

(*) 

(*) 

(lOS) 

(««) 

(>'.»») 

(4, *0, 37, 67, 

293) 

(«) 

(«) 

(21,66) 

(16, 61) 

(366) 

(lOi) 

(”) 

(It, 67) 

(141) 


(10, 83) 

(361) 

(167) 

(167) 

(167) 

(f Ji! 177) 

p63) 

(lt»,I61) 


1 (»•) 

1 (•«) 
0.6 («*») 


(*•) 

yO», 808, 8i») 

(108, 810) 



THERMAL PROPERTIE3 OF SiOt 


105 


FommU 


1 


Naooe 




Cpt joule/g 


±% 


Lit 




CitH>4 

CitHhOs 


Ci»Hu 


CtTHnOt 


Palmitic acid. — (Conn’d) 


BLexadecane 
Betol 


Stearic acid 

Triphenylmethane. 
1 Tetryl + 2 TNT 


Cerotic acid 



- 60 
0 

+ 20 
19 
-150 
-100 
0 
60 
16 

Oto 91 
-100 
0 

4* 60 
15 


1.28 

1.60 

1.80 

2.07 

0.64 

0.70 

1.04 

1.29 

1.67 

0.791 + 0.0114< 
0.72 
1.17 
1.36 
1.62 


LITERATURE, v, p. 116. 


(16) 


(lOS) 

( 111 ) 

(263) 


THERMAL PROPERTIES OF SILICA 

Robert B. Sosman 

HEAT CAPACITY (*• *. »o, ii, 12, 14, le, it, is, 19,20,21, 23, 24, 2S, 20) 


VaIsOSS of Cp AT tf JoUIsE/q 


t,°c 1 

Quartz 

Cristobalite 

1 1 

0.0226 

0.0284 

-243 

.0398 

.0468 

-233 

.0669 

.0761 

-223 

.0988 

.106 

-200 

.171 

.184 

-160 

.324 

.339 

-100 

.465 

.481 

- 50 

.590 

.606 

0 


.717 

+ 60 

.782 

.790 

100 

.864 

.882 

150 

.917 

.978 


.973 

1.095 

250 

1.022 

1.033 


1.063 

1.049 

350 

1.098 



1.129 

1.091 

450 

1.162 

1.112 


1.217 

1.133 

550 

1.321 


673 

1.422(?) 

1 


1.183 

1.162 

700 

1.146 

1.187 


1.167 



1.168 

1.221 

1000 

1.178 

1.225 

1100 

1.187 


1200 

1.194 

1.237 

1300 

1.202 

1.26 

1400 

1.212 

1.26 

1500 


1.27 

1600 


1-27 

1700 


1.27 


Vitreous 

^ 02O0 

0.032a 
0.0531 
0.0828 
0.112 
0.181 
0.332 
0.472 
0.594 
0.603 
0.773 
0.840 
0.899 
0.947 
0.988 
1.027 
1.060 
1.088 
1.112 
1.131 
1.141 

1.160 
1.176 
1.196 
1.208 
1.221 
1.229 
1.267 
1.321 
1.371 
1.417 
1.447 
1.472 



-260 
-200 
-160 
-100 
- 60 
0 

-I- 60 
100 
150 
200 

225 

260 

300 

350 

400 

450 

600 

550 

673 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1600 

1600 

1700 


OF Cm BETWEEN 

Quartz 

0.382 
.464 
.523 
.588 
.645 
.696 
.740 
.779 
.816 
.847 


0 AND 

Cristobalite* 


JouIsE/g 

Vitreous 


1.037 

1.058 

1.075 

1.091 

1.104 

1.116 

1.125 

1.133 

1.141 

1.150 

1 . 15 S 

1.166 


0.391 

.460 

.527 

.590 

.646 

.693 

.736 

.773 

.807 

.836 


.861 

.886 

.907 

.928 

.949 

.966 

.983 


I 


.995 

1.026 

1.041 

1.058 

1.076 

1.087 

1.100 

1.116 

1.129 

i.iso 

1.166 

1.183 


• Made at 1 100*C. t Low modiOcation. t HinJ* inodificsitiou. 
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LATENT HEATS OF TRANSFORMATION (3, 13, is, 16 , 24. 25) 


Transformation 

f, ®C 

Heat absorbed at f®, 
joule/g 

High-cristobalite— ^liquid (fusion). . . . 

1710 

71 

High-quartz— ^liquid (fusion) 

1710* 

210 

Low-quartz — ►high-quart z 

573 

10.5 

Low-UOO®-cristobalite —* high-1100® 

cristobalitet 

230 

4.2 

Low-1600®-cristobalite — ►high-16(X)®- 
cristobalitef 

270 

10.5 


• Thif temperature is not the melting pK>iDt of quartz; it is selected merely for 
the sake of the comparison with cristobalite. The difference in heat content 
between quarts and liquid or vitreous silica at any other temperature can be 
calculated from this with the aid of the beat capacities. 

t Cristobalites made at different temperatures differ in inversion point and in 
various other ways. 

LITERATURE 

(For a key to the periodicals see end of volume) 

(*) Barratt, 67, IT: 81; 15. (*) Bornemann and Hengstenberg, J87, 17: 313* 

20. (») Cohn. 35. 7 : 359. 475, 548 : 24. (*) Dieterici. 5. 16: 593; 06. (») 

Eucken, 8, 24: 186: 11. (•) Eucken. 88. IS: 829; 11. (’) Griffiths and 

Kaye, 3. 104: 71; 23. (•) Heinrichs, l>tss., Bonn, 1906. (•) Hildebrand, 

Duseba, Foster and Beebe, i. St: 2293; 17. 

(»•) Joly.3, 41:250;87. (» ») Koref, 5, 14 : 49; 11. (**) Magnus, 53, 14: 6; 13. 


THERMAL CONDUCTIVITY (»» «» T, 12 ) 


Values of 10*k; unit of k, joule cm“* sec"* (®C cm"*)"* 


/, ®C 

Quartz || to 
axis 

Quartz J, to 
axis 

Vitreous 

-252 


2848 


-250 


2136 

ca, 6.4 

-240 


868 


-200 

ca. 63o 

276 

6.3 

-150 

31o 

16i 

8.4 

-100 

218 

109 

10.6 

- 60 

167 

86 

12.6 

0 

134 

71 

14.2 

4 60 

107 

62 

16.9 

100 

88 

55 

ca, 19 


(**) Mulert, P3, 7»: 198; 12 . (» «) Nemst, 5, S6 : 396; 11. (*») Neumann 

I90B, 6SA; 1; 26. 93, 146: 193; 25. (*•) Perrier and Roux. Mim. Soc. 

Sei. Nat, Vaudaise, 1: 109; 23.. (»’) Pionchon, 34. 106: 1344 ; 88. (»•) 
Schulz, J89, Itll: 481. (*•) Simon, 8, 68 : 241; 22. 

(*®) Sosman, Properiie$ of Silica. New York, Chem. Cat. Co., 1927. (**) 
Stierlin, 818, 62 : 382; 07. (*») Tuchsehmid, Dit., ZQrioh, 1883. (**) 

White. tS, 28: 334; 09. (»<) White, It, 47: 1; 19. (»») Wietiel, 93, 112: 

71, 21. (*4) Wietael and GOntber, 93, 116: 21. 


THE 


CAPACITY OF CHEMICAL COMPOUNDS IN THE 


Howard T. Barnes 


A value in the column 
represents the heal capacity in 
joules per gram per deg C under 
atmospheric pressure and at V* 
(or the mean Cp over Af®) ; 
unless the value is enclosed in 
parentheses, in which case it 
represents merely the param> 
eter Co in the equation 

Cp ■» Co H" af -f* bf’ + . . . 

which equation is valid over the 
range given. 


Une valeur mentionn6c dans 
la colonne des Cp, reprdsente la 
capacity calorifique en joules 
par gramme et par degr6 C, sous 
la pression atmosph6rique et k 
f® (ou la valeur moyenne Cp 
pour Af°), k moins que la 
valeqr ne soil comprise entre 
parenth^es, auquel cas elle 
repr&ente seulement le para- 
mdtre Co de I’dquation 
Cp = Co 4- af -H bf» + . . . 
cette Equation dtant valable 
pour I'intervalle donn6. 


Eih in der Cp-Kolonne stehen- 
der Wert bedeutet den Warme- 
inhalt in Joyle pro Gramm pro 
Grad C, unter dem Dnick 1 
Atmosph&re bei 1® (oder das 
Mittel Cp im Af° Intervall). 
In Klammer gesetzte Werte 
bedeuten, dass nur etwa der 
Parameter Co der Gleichung 
Cp = Co 4" 4" hf* 4" • • • 

vorliegt. Diese gilt innerhalb 
des angegebenen Temperatur- 
bereiches. 


LIQUID STATE 


I valori della colonna Cp 
rappresentano la capacity 
termica* in joules , per ogni 
grammo e grade centigrado alia 
pressione atmosferica e a ( 
(oppure il. Cp medio nell' inter- 
vallo A/®). I valori racchiusi 
tra parentesi rappresentano sol- 
tanto il termine Co della equa- 
zione 

# 

Cp *= Co -f a/ b hf* 4- • ■ * 
la quale 6 valida entro i limiti 

dati. 


S-TABLE 


Substance 

t or A/, ®C 

jouie/g 

±% 

Lit. 


V. p. 113 




H,0. 

0-18 

2.42 

2 

(161) 

HCl, HBr, HI 

V. p. 86 




la 

16-77 

0.661 

1 

(286) 

SO, 

0. p. 114 




HtSO, 

V. p. 114 




H,S,0, 

35 

14 

10 

(«) 

S,Clt 

12-70 

0 921 

1 

(267) 

SOCl, 

17-00 

1.013 

1 

(208) 

SOfOlf. 

16-03 

0.975 

1 

(208) 

NO.. 

V. p. 80 


1 


NH, 

V. D. 86. 114 




CO . 

V. D. 80 




CO, 

V, D. 114 

1 



SiO, 

• 

V. p. 106 





12-60 

0.837 

1 

(205) 

(CH,)48i04 

28-116 

2.097 

0.5 

(124) 

na, 

13-99 

0.804 

1 

(240) 

SoCIt 

14-98 

0.619 

1 

(240) 

FbCU 

540 

1 0.606 

1 

(••) 


Substance 

/ or Af, ®C 

joule/g 

±% 

Lit. 

PbBr, 

650 

0.326 

1 


TlCl 

480 

0.247 

1 

(97) 

TlBr 

500 

0.335 

1 

(97) 

AgCl 

490. 

0.640 

1 

(97) 

AgBr 

600 

0.318 

1 

(»») 

AgNO, 

260 

0.7^ 

1 

(10») 


>218 

0.816 

1 

(»») 

lClg*SibOo 

V. Vol. II, p. 

101 



CaCl,.6H,0 

33-99 1 

2.310 

1 

(***) 

CasSibOfl 

V. Vol. II. p. 101 



LiNO, 

280 

1.632 

1 

(98) 

NaCIO, 

280 

1.360 

1 

(98) 

Na2S,0,.5H,0 

13-98 

2.385 

j 

1 

(JOJ) 

NaNO,, 

350 

1.800 

1 

1 

(»») 

N&OiHaO) 

61.8 

4 

3.641 

0.5 

(»«) 

Ns*SibAleO<j. 

V. Vol. II, p. 101 


M ^ A \ 

KNO, 

380 1 

0.139 

5 

(••) 

1 

KftSibAUOa 

V. Vol. II, p. 

101 


1 

KjCTjOt 

>397 1 

0.140 

1 

(98) 
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C-TABLE, 


Formula 


ca4 


cs« 


CHCl, 


CHiCl, 

CH/), 

CH,NO 

CH.NO, 


CH4 

CH«0 

C,Cl4 

C*HCIi 

C,HC1,0 


C,H,Cl4 

C.H.CIO 

C,H,CI, 

C,H,C1,0, 

C,H,N 

CtH4Bri 


C,H4C1. 


C1H401 

CtH40i 


CfHiBr 


C|H»C1 


C,HJ 

C.H,0 


CfHiOi 


CaHiCliOi 

C^jHaCliOt 

CaHaCl 


• 10 % . ] 


Name 


-ARRANGEMENT (p. ' 

Cp - Co + a< + b£* 


tor \ joule /g 


0 0.827 


p. viii) 


Carbon tetrachloride 


Carbon disulfide 


Chloroform 


Methylene chloride 


Formic acid 


Fonnamide . . . 
Nitromethane. 
(CaClr dried). . 
(P*Oi-dried).. . 

Methane 

Methyl alcohol 


Tetrachloroethylene 

Trichloroethylene. . 
Chloral 


CfHtCltOi Dichloroacctic acid 


Tetrachlorocthane 

Acetyl chloride 

Trichloroethane . . . 
Chloral hydrate . . 
Acetonitrile 


‘ Ethylene bromide 


Ethylene chloride 


Acetic acid 

Methyl formate 


Ethyl bromide 


Ethyl chloride 


Ethyl iodide 


Ethyl alcohol 


0 

20 

20 

30 

V. p. 114 
0 
15 
20 
20 
30 

15-40 

0 

0 

16.6 

20-100 

19 
17 

0 

0 

V. p. 86 

V. p. 114 

20 
20 
20 

17-63 

21-106 

21-196 

20 

0 

20 

65-88 
21-76 
8-96 
13-106 
20 
- 30 
+ 20 
30 
60 
60 

V. p. 114 
13-29 
-100 


6-10 
10-15 
16-20 
-28 to +4 
0 




60 

0 

V. p. 114 
0 

- 11.1 


Qlycol 





Methyl trichloroacetate 
Methyl dichloroacetate . 
Allyl chloride 


1 10% « 84.t. 1 10% - : 


14.9 

10.9 
20 
20 

0 


0.841 

0.833 

0.837 

0.971 

0.946 

0.978 

0.968 

0.979 

1.205 

2.078 

1.83 

2.139 

2.201 

2.306 

1.724 

(1.66-4) 

(1.76) 


0.883 

0.904 

0.933 

1.046 

1.466 

1.464 

1.122 

1.419 

1.113 

1.967 

2.264 

0.766 

0.734 

0.728 

1.168 

1.268 

1.276 

1.316 

1.336 

2.169 

0.816 

0.866 

0.906 

0.894 

0.901 

1.790 

1.642 


0.718 

0.676 

2.277 

2.247 

2.310 
2.327 
2.390 
2.406 
1.117 
1.302 

1.310 


±% 


0.6 

1 

0.6 

0.2 

0.6 

0.6 

0.6 

0.5 

0.2 

0.5 

0.5 

1 

0.4 

1 

0.6 

0.5 


1 

0.4 
0.4 
0.6 
0.6 
0.5 
0.4 
1.0 
0.5 
0.5 
0.6 
1.0 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
.6 




0.6 
0.6 
0.6 
• 6 
1.6 
0.6 
0.6 
0.6 

0.6 

1 

1 

1 

1 

1 



10% 1 

Range, ®C 

0.8 

0.13 

20-60 

0-70 

1.97 

20-60 

0.322* 

1.38 

20-40 
-30 to 60 

1.27 

20-60 

2.97 

40-140 


-1.42t 
-3. lot 


30-70 

15-70 


2.43 


-80 to 40 


6.91 


6.0 


-30 to 60 


-20 to 200 


1.69 

1.6 


10-140 

10-140 


Lit. 


(247) 

(182) 

(318) 

! (321) 

(247) 

(302) 

(275) 

(319) 
(321) 
(31) 
(266) 
(250) 
(94) 
(250) 
(310) 
(310) 

(320) 
(320) 


(250) 

(118) 

(118) 

(*^) 

(156) 

(155) 

(118) 

(250) 

(118) 

(27) 

1 (153) 

(30) 

(247) 

(247) 

(247) 

(275) 

(247) 

(278) 

(247) 

(33) 

(»*) 

(**) 

(251) 

(241) 

(241) 

(247) 

(131) 

(247) 

(247) 

(247) 

(>1| 152, 276) 
(219) 

(219) 

(219) 

(219) 

(219) 

(266) 

(266) 

( 280 ) 
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P'ormula 
C.H^CIO, 

C,H»N 


C1H.O 


CiH«Oi 

CaHtOs 

CaH«Of 

CiH«Ot 

C.H, 

CaHaO 

CaHaO, 

CaHaOa 


CaHaClaOi 

OaHaOi 

CaHrClO, 

C4H7N 

CaHaO 

CaHaOi 

CaHaOa 

CaHiOi 

CaHaOa 

CaHaOa 

CaHaCl 

CaHaNO 

CaHia 


CaHiaO 


CaHtoO 


CaHjaO 


Name 
Methyl chloroacetate 

Propionitrile 

AUyl alcohol 

Propionaldehyde 


< or A/, ®C \ Cpj joule/g 


Acetone 


Propionic acid 

Ethyl formate 

Methyl acetate 

Dimethyl carbonate 

Propane 

Propyl alcohol 

Methylal 

Glycerol 


CaHaClaOa Ethyl trichloroacetate 


Ethyl dichloroacetate . . 
Crotonic acid 

Ethyl chloroacetate 

n-Butyronitrile 

Methyl ethyl ketone . . . 

r^-Butyric acid 

Iflobutyric acid 

Ethyl acetate 

Methyl propionate. . . . 

n-Propyl formate 

fwButyl chloride 

Methyl ethyl ketoxime 

n>Butane 

Isobutane 


n>-Butyl alcohol 


Isobutyl alcohol 


Ether 


20 

1.600 

0 

2.128 

19-95 

2.252 

0 

1.616 

21-96 

2.785 

0 

2.185 

3-22.6 

2.151 

0 

(2.118) 

24.2-49.4 

2.25i 

20 

2.210 

20 

2.166 

0 

2.134 

0 

1.858 

20-137 

2.342 

14-49 

2.136 

-20 to +14 

1.909 

15 

1.96 

19.8-88 

1.892 

0 

2.41 

V. p. 114 


15-41 

2 .I 80 

V. p. 114 


10-81 

1.235 

9-139 

1.280 

20 

1.193 

20 

1.377 

71.4 

2.093 

9-138 

1.749 

20 

1.666 

21-113 

2.290 

20-78 

2.299 

0 

1.858 

40 

2.097 

20-100 

2.155 

20 

1.883 

20 

1.921 

20 

2.000 

20 

1.921 

20 

1.921 

'20 

1.887 

1 

21.8-151.5 

2.722 

0 

2.30 

0 

2.30 

21-115 

2.876 

21-115 

2.883 

30 

2.436 

-76.2 

1.854 

-33.3 

1.896 


2.201 

19.2 

2.356 

21-109 

2.996 

30 

2.525 

-100 

2.147 

- 50 

2.164 

- 5 

2.205 

0 

2.189 

0 

2.214 

+ 80 

2.289 

80 

2.888 

120 

3.361 

140 

3.440 

180 

4.357 


1 


R ange, **C 
10-160 


8.2 


3.3s 

0.593 


6.3 


1.6 


6.37 


1.6 


11. Ol* 


13.68t 


-30 to +60 


22-50 

10-140 


-30 to 20 


10-140 


10-140 


-15 to 20 


30-80 


20-80 


(366) 
(347) 
(166) 
(360) 
(163) 
(360) 
(168) 
(347) 
(166) 
(301) 
(310) 
(303) 
(366) 
(166) 
(33) 
(187) 
(369) 
(168) 
(63) 

(*>) 

(366) 
(366) 
(366) 
(366) 
(169) 
(366) 
(366) 
(166) 
(163) 
(366) 
(366) 
(360) 
(380) 
(366) 

(300) 
(368) 
(366) 

(301) 
(166) 
(63) 

(360) 

(163) 

(331) 

(316) 

(316) 

(316) 

(316) 

(163) 

(331) 

(**) 

(*») 

(167) 

(»*) 

(347) 

(347) 

(369) 

(369) 

(116) 

(116) 


• 10«b • 7.0. t I(Kb - 10.5. 






HEAT CAPACITY— LIQUID COMPOUNDS: CiH* TO C«H4 


10 


Formula 


Name 


C4H,,S 


C4HuN 

C^HiOt 

CkHtCItOt 

C»H»N 

C4H.a,o, 

C^HtCIOs 

CiHTCliOt 

C^HiOj 

C^H/^IOi 

C»H,N 

C 4 H,* 

CiH|tO 

CtHioO 

C»H|«Ot 

C»HiiOi 

CftHioOt 

CiHitOs 

CkHiaOt 


C»Ht,0 


CJIirf) 

C*H|,0 

C^HuN 

C,H 4 Bra 

CtHiBrCI 

C,H4BrI 


e 4 H 4 BrI 


Ethyl sulfide 


Diethylamine 

Furfural 

Ally] trichloroacetate . . . 

Pyridine 

Allyl dichloroacetate 

Allyl chloroacetate 

Propyl trichloracetate . . . 
Propyl dichloroacetate . . 

Allyl acetate 

Propyl chloroacetate . . . . 

Valeronitriie 

Amylene 

Diethyl ketone 

Methyl isopropyl ketone 

Isovaleric acid 

n-Butyl fonnate 

Ethyl propionate 

Methyl n-butyrate 

n-Propyl acetate 

Diethyl carbonate 


Isopentane 


Isoamyl alcohol 


fert.-Amyl alcohol 

d-prim.-Amyl alcohol . . 

Isoamylamine 

o-Bromochlorobensene . 
m-Bromochlorobensene 

o-Bromoiodobensene . . . 


m-Bromoidobenaene 


C«H4Br, 
CtH4Brt 
C*H4CU 

C.H4C1, 
C»H4CU 
CJl4l, 

C4H4lj 

C4H4Nt04 
C 4H4Nt04 
• 10«b - 17. 


o-Dibromobenaene . 
m-Dibromobenaene 
o-Dichlorobenaene . 
m*Dichlorobcnaene 
j^Dichlorobenaene . 
o-Diiodobenaene . . . 
m^Diiodobenaeno. . 
<KDinitrobenaene . . 
m^Dinitrobenaene . , 

tl0«b - 3.8*. non) - 1.3. 


t or ®C I C y, joule / g | ± % 

(1.967) 

1.973 
1.989 
1.997 
2.(X)3 
2,168 
1.54o 
1.749 
1.206 
1.695 
1.804 
? .663 
1.389 
1.657 
1.243 
1.427 
1.802 
1.733 
2.176 
I.I80 
2.332 
2.198 
1.938 
2.469 
1.921 
1.921 
1.921 
1.921 
1.03o 
1.943 
1.986 
2.189 
2.145 
2.204 
1.93s 
( 2 . 101 ) 

2.239 
2.900 
2.911 
2.878 
2.385 
2.77 
3.15 
2.978 
2.670 
0.899 
0.888 
(0. 689) 

0.668 
0.668 
0.667 
(0.636) 

0.663 
0.662 
0.644 
0.624 
0.763 
0.734 
1.131 
1.131 
1.247 
0.668 
0.686 
(1.462) 

1.697 


10% 
0.76 


1.6 


6.93 


10 . 21 * 


10.67t 


0.98 

0.98 

0. 667 


0. 557$ 


0.896 

0.89e 

1.27 

1.27 

0.325 

1.39 

0.0 


Range, ®C 
^70 


20-110 


10-140 


10-140 


0-130 


30-80 


0-100 


0-100 


0-100 


0-100 

M. P. to 357 
M. P. to 236 


(241) 

(241) 

(241) 

(241) 

(241) 

(187) 

(250) 

(250) 

(266) 

(301) 

(183) 

(45) 


(266) 


(188) 

(188) 

(188) 

(188) 

(188) 

(188) 

(188) 

(188) 

(188) 

(188) 

( 188 ) 
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Formula 

C,H4Ni04 

C4H4O, 

CcHfBr 

C.HiBrO 
C4H.CI 
C,H,CIO 


CtHiNO, 


C 4 H. 

C4H,a404 

CtH.NjO, 

C.H.N,0, 

C.H,N,0, 

C.H.O 

CJItO, 

C,H40, 

CiHiOt 

CJItN 

C 4 H 7 N 

CJIi, 

CtHioO 

C 4 H 10 O 

C*H,40, 

CJI|,0, 

C4H,«04 

CiHuN 

C 4 H 11 

C4Hi,0 

CfHisO 

C,H„0 

C*Hi*0* 

CtHiiO] 

CtH.sO, 

C.H.jO, 

CtHiiOa 

CiHta 

C4H14O1 

CJI.iN 

CTH.ao, 

CTHaCIO, 

CTHaCnO, 

C,H*N 

CtHcNOi 

CjH.NO* 

CtH(NO« 

CtHtNaO. 

C,R.O 

CtH.O, 

C7H404 


Name 

p-Dinitrobeniene 
Quinone 


Bromobenzene 


Bromophenol 


Chlorobenzene. . 


o-Chlorophenol 


Nitrobenzene 


Benzene 

Ethylene dichloroacetate 

o-Nitroaniline 

m-Nitroaniline 

p-Nitroaniline 

Phenol 

o-Dihydroxybenzene 

m-Dihydroxybenzene. . 

p-Dihydroxybenzene 

a-Picoline 

Aniline 

1, 5-Hexadiene 

Cyclohexanone 

Meaityl oxide . . . ; 

Allyl propionate 

Ethyl acetoaeetate 


Diethyl oxalate 

Capronitrile 

Hexylene 

Cyclohexanol 

Methyl butyl ketone . . 
Methyl isobutyl ketone 
Caproic acid 


Isoamyl formate 

Isobutyl acetate . 
Ethyl butyrate. . . 
Ethyl isobutyrate. 
Methyl valerate. . 
Propyl propionate 
Paraldehyde 


n>Hexane 


Acetal 


Dipropylamine 

o-Chlorobensoic acid . . 
a^Chlorobensoic acid. 
#^Chlorobenzoic acid . 

Bensonitrile 

o-Nitrobentoic acid . . . 
ai-Nitrobeoioic acid 
p-Nitrobenaoic acid . . 
^Tnnitrotoluetje 

t Benzaldehyde 

SaJicylaldehyde 

Bensoic arid 


i or At, 

0 
0 
0 
20 

20-100 
16.0-65 
lS-77 
0 
0 
20 

0-20 
10 
30 
50 
70 
90 
120 

V. p. 115 
0 
0 
0 
0 

14- 26 
0 
0 
0 

22-124 
V- p. 115 
0 

15- 18 
21-121 

20 
0 

20-100 
20 

18- 156 
0-50 

15- 18 

21- 127 
20 

29-105 

16- 65 
20 
20 
20 
20 
20 
20 

0 

0-50 
20-100 
0 

19- 90 

22 - 100 
0 
0 

M. P. 
22-186 
0 
0 

M. P. 

? 

22-172 
18 
0 


Cp, joule / g 

(1.16®) 
(1.355) 
0.900 
0.965 
1.03o 
l.OOo 
1.323 
1.147 
1.250 
1.294 
1.678 
1.499 
1.420 

1.380 

1.381 
1.435 
1.648 

1.348 
(1.675) 
(1.641) 
(1.787) 

2.348 
(1.935) 
(1.891) 
(2.060) 
1.816 

1.703 
1.812 
2.182 
1.887 
I.8O0 
1.996 
1.812 
2.268 
2.118 
1.745 
2.313 
1.921 
2.231 
2.130 
1.921 
1.921 
1.921 
1.921 
1.021 
1.021 
1.825 
2.205 

2.5I1 

1.954 
2.1754 
2.498 
(1.639) 
(1-115) 
2.290 
1.846 
(1.315) 
(1.695) 
1.878 
1.402 
1.792 
1.599 
(1.774) 


±% 

1 
1 
1 

0.6 

1 

0.6 
1.0 
1.0 
0.6 
0.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 

0.5 

1 

1 

1 

0.6 

1 

1 

1 

0.6 

1.0 

0.5 

0.6 

0.5 

1 

1 

0.5 

1.0 

0.4 

0 5 
0.5 
0.5 
0.6 
0.5 
0.5 
0 6 
0.5 
0 6 
0.5 
0.5 

1 

0.4 

1 

1 

0.5 
0 6 
1 
1 
1 

0.5 
1 
1 
1 

0.4 
0.5 
0.5 
1 



Range, ®C 


3.10 


1.6 

2.65 

2.42 

1.45 

2,28 

2.66 
1.67 


3.68 


2.76 


2.76 


1.60 

4.01 

0.0 

2.5 

2.4 

0.0 


M. P. to 384 
M. P. to 273 


10-140 


10-140 
M. P. to 219 
M. P. to 322 
M. P. to 343 

M. P. to 304 
M. P. to 310 
M. P. to 372 


10-140 


10-140 


0-110 


M. P. to 340 
M, P. to 359 
M. P. to 505 

M. P. to 386 
M. P. to 366 
M. P. to 484 


3.22 


M. P. to 322 


(*) 

(«») 

( 319 ) 

(280) 

( 139 ) 

( 318 ) 

( 280 ) 

( 266 ) 

( 819 ) 

( 48 ) 

( 278 ) 

( 275 ) 

( 278 ) 

( 278 ) 

( 278 ) 

( 278 ) 

( 266 ) 

(^) 

(^) 

W 

( 166 ) 

(*) 

(<) 

(<) 

( 133 ) 


( 280 ) 
( 119 ) 
( 182 ) 
( 166 ) 
( 280 ) 
( 280 ) 
( 266 ) 
( 183 ) 
( 163 ) 
( 119 ) 
( 188 ) 
( 268 ) 
( 108 ) 
( 139 ) 
( 268 ) 
( 268 ) 
( 266 ) 
( 266 ) 
( 266 ) 
( 268 ) 
( 286 ) 
( 163 ) 
( 280 ) 
( 280 ) 
( 182 ) 
( 133 ) 

(<) 

(^) 

(^) 

( 183 ) 

(«) 

(<) 

(<) 

(^•) 

( 182 ) 

( 310 ) 

(*) 


HEAT CAPACITY— LIQUID COMPOUNDS: CiH4 TO C*Hu 


111 


Formula 

CtHtCI 
CtHtCI 
CtHtNO, 
CtHtNO, 
CtHtNO* 
CtH, 

CtHbO 

CtHbO 
C 7 H 40 

CtH.O 

CtHsOi 
C jH.N 

C,H»N 


C 7 H,N 

C 7 HI 10 

C7H„0 

C 7 H 110 

C 7 HijOj 

C7HnOi 

C,Hu04 

CjHu 

C,H,40 

CtHmO 

C 7 H 14 O 

C7Ht40 

C 7 HHO 

CtHuO, 

C 7 H 1404 

C7H,40, 

C 7 H 140 S 

C7Hi40t 

CtHuOs 

C 7 H 14 

C7H14 

c.H.a4 

c,H.a4 

CtHiBri 

C4H,Br, 

CgHjBri 

CiHiCli 

CJLCl, 

C4H.CJ, 

CtH ,0 

CtH.O. 

C.H, 0 , 

CtHiOi 

C»HiOi 

C.H* 0 * 


CtH 


1ft 


CtHit 


Name 

Bensyl chloride 

Chlorotoluene 

o-Aminobenzoic acid. 
rri-Aminobenzoic acid 
p^Aminobeuzoic acid . 
Toluene 


Benzyl alcohol 
o-Cresol 


m-Cresol 


Phenyl methyl ether 

Dimethylpyrone .... 
Methylaniline 


o-Toluidine 


p-Toluidine 


o-Methylcyclohexanone . 
m-Methylcyclohexanone 
p-Methylcyclohexanone . 

Allyl butyrate 

Allyl isobutyrate 

Diethyl malonate 

Heptylene (B. P., 98°) . . 

o-Hexahydrocresol 

m-Hexahydrocresol 

p-Hexahydrocresol 

Heptaldehyde 

Dipropyl ketone 

Heptylic acid 

Isoamyl acetate 

Butyl propionate 

Ethyl valerate 

Propyl butyrate 

Propyl isobutyrate 


n-Heptane (B. P., 98°) 

Isoheptane (B. P., 91°) 
O'Xylene tetrachloride. 
p-Xylene tetrachloride . 
o*Xylene dibromide . . . 
m-Xylene dibromide . . . 
p-Xylene dibromide . . . 

o-Xylene dichloride 

m-Xylene dichloride . . . 
p-Xylene dichloride . . . 

Acetophenone 

o-Toluic acid 

w-Toluic acid 

p-Toluic acid 

Methyl benzoate 

Hydroxyacetanilide . . . 

Ethylbenzene 


o-Xylene 


C»H 


10 


w»-Xylene 


( or °C 

0 

0 

M. P. 
M. P. 
M. P. 

V. p. 115 
20-100 
22-200 
0-20 

21- 197 
0-20 

0 

20-162 

166 

20-197 

0 

22- 196 
40.6 

0 

43 

58 

94 

15- 18 

16- 18 
16-18 

20 

20 

20 

0-50 

16-18 

16-18 

16^18 

0 

20-140 

9 

20 

20 

20 

20 

20 

0-50 

20 

30 

0-60 

16-40 

16-40 

15-40 

15- 40 

16- 40 
16-40 
16-40 
16-40 
20-196 

0 

0 

0 

0 

0 

0 

30 

39.6 

30 

0 

9-40 

16-35 


Cp, joule /g I 

1.360 
1.322 
1.82 
1.82 
1.86 

2.139 
2.261 
2.088 
2.314 
2.006 
1.697 
2.021 

2.3 
2.145 
I. 9 O 0 

2.193 
2.084 
1.969 
2.503 
2.66a 
2.23i 
1.826 
1.846 
1.846 
1.887 
1.875 
1.812 
2.042 
1.749 
1.766 
1.770 
1.628 
2.310 
2.336 
1.921 
1.921 
1.921 
1.921 
1.921 
2.122 
2.061 
2.168 
2.097 

1.004 
l.Ols 
0.766 
0.770 
0.763 

1.184 
1.235 
I.I 80 
1.984 
(1.766) 
(2.107) 
(1.324) 

1.619 
(1.664) 

1.645 
1.711 
1.883 
1.721 
1.606 
1.674 

1.620 


±% 
0.6 
0.6 
2 
2 
2 

1.0 

0.6 

0.6 

0.6 

0.6 

0.5 

0.6 

10.0 

0.6 

1 

0.6 

0.6 

0.6 

1 

1 

1 

0.6 

0.6 

0.5 

0.6 

0.6 

0.6 
. ♦ 

0.4 

0.6 

0.6 

0.6 

1.0 

0.6 

0.6 

0.5 

0.6 

0.5 

0.6 

0.6 

0.4 

0.6 

0.2 

0.4 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.6 

1.0 

1.0 

1.0 

0.6 

1.0 

0.6 

0.2 

0.6 

0.2 

0.5 

0.6 

0.6 


10 % 

3 .I 0 

3 .I 0 

0.0 

0.0 

0.0 


3.60 


2.93 


3.68 

3.68 

2.76 


2.76 


6.94 


3.1 

1.72 

6.8 

3.14 

3.32 

3.71 

3.24 

4.36 


Range, °C 

10-140 
10-140 
M. P. to 305 
M, P. to 360 
M. P. to 378 


10-140 


12-139 


10-140 


0-110 


30-80 


M. P. to 304 
M. to 279 
M. P. to 405 
* 10-140 
M. P. to 231 

20-70 

30-80 

10-110 


(266) 

( 166 ) 

W 

W 

W 

( 260 ) 

( 162 ) 

(«) 

( 162 ) 

( 46 ) 

( 266 ) 

( 166 ) 

( 227 ) 

( 166 ) 

( 266 ) 

( 166 ) 

( 120 ) 

( 266 ) 

( 26 ) 

( 20 ) 

( 267 ) 

( 119 ) 

( 119 ) 

( 119 ) 

( 266 ) 

( 162 ) 

( 119 ) 

( 119 ) 

( 119 ) 

( 260 ) 

( 162 ) 

( 106 ) 

( 266 ) 

( 266 ) 

( 266 ) 

( 266 ) 

( 266 ) 

( 162 ) 

( 201 ) 

( 221 ) 

( 162 ) 

( 61 ) 

( 61 ) 

( 61 ) 

( 61 ) 

( 61 ) 

(«) 

( 61 ) 

( 61 ) 

( 162 ) 

W 

W 

w 

( 266 ) 

w 

( 266 ) 

( 221 ) 

( 129 ) 

( 221 ) 

( 266 ) 

( 129 ) 

( 129 ) 
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Formula 


C»Hip 

CpHi. 

CpH.eO 

CpHicO 

CpHioOp 

CpHiiN 

OpHipOf 

CpHuOp 

CtHuOp 

CpHipOp 

CpHip 

CpHipO 

CpHifOt 

CpHiiOs 

CpHipOt 

CpHiiOt 

C*Hit 

CpHipN 

CtHwSiOp? 

CpHtN 

CpHi. 

C*H„ 

C.H,, 

CpHn 

CpHiiO 

CpHipN 

CpHiiOp 

CpHw 

OpHisOp 

GpHitOi 

CpH» 

CipHtNO, 

ChE[| 

CasHpO 

CipHgO 

CipHpN 

CmHh 

OipHi^a 

CipHtt 

OipHiiO 

CipH|/)t 

C|#Hu 

CipHipO 

OipHi/) 

CipHi/) 

CipHi^p 

CmHipN 

Ci#Hn 

CipHigOp 

CmHuOp 

ChH» 


Name 


m-Xylene {CorU'd ) . . 


p-Xylene 


p-Cresyl methyl ether 

Phenetole 

Diallyl oxalate ... 


DimethylaDilinc 


Allyl valerate 

Diethyl succinate . . 
Di-n-propyl oxalate . 

Diethyl malate 

Octylene 

Methyl hexyl ketone 
Isoamyl propionate. 

Butyl butyrate 

laobutyl but 3 rrate . . . 
Propyl valerate 


n>Octane 


Diisobutylamine .... 

Ethyl silicate 

Quinoline 

Bensylethylene 

Ethyl benzoate 

Mesityiene 

Propylbenzene 

I^udocumene 

Ethyl p-cresyl ether . 
Propyl phenyl ether. 
Dimethyl-^toluidine 
Dipropyl malonate . . 

Nonylene 

Isoamyl butyrate . 

Butyl valerate 

Isoamyl isobutyratc . 
Nonane 


Niironaphthalene 


Naphthalene 


o-Naphthol 

^Naphthol 

o-Naphthylamino | 

DQiydronaphthalene 

Allyl benzoate 

1, 2f 3, 4-Tetrahydronaphthaleno.. . 


Anethole 


Propyl benzoate 

o-Cymene 

Caivacrol 


fi-Thyrool 

4-Xylyl ethyl ether 

Diallyl succinate 

DiethyianiUne 

cis-Decahydronaphthalene 

Dibutyl oxalate 

Dipropjrl succinate 

Diamylene 


t or 


30 

0 

40.8 

30 

0 

20 

20 

0-20 

0 

20 

20 

20 

24-186 

0-50 

22-168 

20 

20 

20 

20 

0-60 

20- 123 
22-130 
16-98 

0-20 

0 

20 

0 

0 

20 

0 

0 

21- 185 
20 

0-60 

20 

20 

20 

0-60 

58.6 
61.4 
94.3 

87.6 
0 

0 

0 

53.2 

94.2 
18-28 

20 

10-18 

20-233 

22.48 

24.69 

25.23 

20 

0 

24-233 

60 

0 

20 

20 

16-18 

20 

20 

20-130 


joule/g 


1.678 

1.603 

1.791 

1.663 

1.697 

1.867 

1.783 

1.749 

1.695 

1.887 

1.892 

1.812 

1.989 

2,034 

2.311 

1.921 

1.921 

1.921 

1.921 

2.113 

2.420 

2.390 

1.783 

1.473 

1.644 

1.628 

1.643 

1.674 

1.733 

1.796 

1.795 

2.072 

1.812 

2.030 

1.921 

1.921 

1.921 

2.106 

1.628 

1.581 

1.632 

1.684 

(1.310) 

(1.626) 

( 1 . 688 ) 

1.988 

1.992 

1.448 

1.624 

1.687 

2.139 

2.306 

2.360 

2.661 

1.666 

1.674 

2.415 

2.371 

1.746 

1.892 

1.892 

1.663 

1.846 

1.892 

2.281 


±% 


0.2 

0.6 

0.5 

0.2 

0.6 

0.6 

0.6 

0.5 

0.1 

0.5 

0.6 

0.5 

0.6 

0.4 

0.6 

0.5 

0.6 

0.6 

0.5 

0.4 

0.6 

0.6 

0.6 

0.6 

0.5 

0.6 

0.6 

0.6 

0.5 

0.6 

0.6 

0.6 

0.6 

0.4 

0.6 

0.6 

0.6 

0.4 

0.6 

0.6 

0.6 

1.0 

1.0 

1.0 

1.0 

0.6 

0.6 

0.5 
0 6 
0.6 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.5 
0.6 
0.5 
0.6 
0.6 


3.40 

4.36 

3.89 

3.60 

3.60 

2.76 

3.86 

3.68 

2.76 

2.76 


4.36 

3.14 

4.36 

4.365 

4.35 

3.60 

3.60 

2.76 


3.62 
3.19 
2 61 


3.14 


3.14 

4.36 


3.60 
2.76 
3 86 


30-80 

10-110 

10-140 

10-140 

10-140 

10-140 

20-100 

0-140 

0-140 

0-140 


0-140 

0-140 

10-80 

6-60 


10-140 


M. P. to 280 
M. P. to 276 
M. P. to 236 


10-140 


0-140 

10-140 


10-140 

10-140 

10-140 


2.76 


10-140 


( 111 ) 

( 166 ) 

( 136 ) 

( 311 ) 

( 166 ) 

1 ( 166 ) 

( 166 ) 

(«) 

( 142 , 180 , 166 ) 

( 266 ) 

( 266 ) 

( 266 ) 

( 182 ) 

( 163 ) 

( 182 ) 

( 268 ) 

( 268 ) 

( 268 ) 

( 168 ) 

( 163 ) 

( 182 ) 

( 133 ) 

( 106 ) 

(«) 

( 266 ) 

( 166 ) 

( 266 ) 

( 268 ) 

( 266 ) 

( 266 ) 

( 266 ) 

( 188 ) 

( 266 ) 

:i63) 

; 268 ) 

268 ) 

268 ) 

163 ) 

«) 

88 ) 

267 ) 

10 ) 

«) 

88 ) 

167 ) 

188 ) 

166 ) 

( 110 ) 

( 187 ) 

(101) 

(l»l) 

(l»l) 

( 268 ) 

( 168 ) 

( 186 ) 

(*») 

( 266 ) 

( 166 ) 

( 166 ) 

( 110 ) 

( 166 ) 

( 166 ) 

(*•) 
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Formula 


CioHio 
CioHsoOs 

Ci»Hji 
CittHjs 

CioH« 

CioHji 
CiiHji 

CiiHs4 

CisHioO 

Ci.HuN 

CiiHn 
CitHis04 

Ci»Hi»04 
OiiHm 

4 

CitHt 4 i 

CirHioO 

CiiHioOi 
CuH« 

Ci»Hjs 
Ci4Hst04 
CiiHii 
CiiHiiOs 
CiiHso 

CttHio 
C14H11 
Ci*HiiO* 
C14H14 

CiiHijOi 

CuHa^Os 

• 10«b - 6.61 


Y-Decylene 

Isoamyl valerate 

Decane (B. P., 159**) 

Decane (B. P., 162®) 

Decane (B. P., 172®) 

Diisoamyl 

Undecylene 

Undecane 

Diphenyl oxide 

Diphenylamine 

/^Dimethylnaphthalene. . . 

Diisoamyl oxalate 

Isobutyl succinate 

Dodecylene 

Laiuic acid 

Dodecane 

^Bepsophenone 

Salol 

Tridecylene 

Tridecane 

Isoamyl succinate 

Tetradecylene 

M3rriBtic acid 

Tetradecane 

Pentadecylene 

Pentadecane 

Palmitic acid 

a-Hexadecane (B. P., 276®) 

Betol 

Stearic acid 


1.963 

1.921 

2.470 

2.072 

2.101 

2.469 

2.017 

2.097 

1.67 

1.835 

1.851 

1.942 

2.017 

1.649 

1.879 
1.850 
1.913 
2.394 
2.155 
2.120 
2.093 
1.601 
1.448 
1.635 
1.913 
2.088 

1.880 
1.896 
2.256 
2.080 
1.971 
2.080 
2.733 
2.076 
1.487 

(1.249) 

2.302 


2.76 


0-140 


6.49 


0-40 


5.58 


19-63 


(l»S) 

(195) 

(108) 


LITERATURE, v. p. 116. 


THE HEAT CAPACITY OF CERTAIN PURE LIQUIDS 


J. H. Awbery 


Solid Hg (IS, <9, 

155, 209, 228, 220 
252) 

•s. 

1*42, 

Liquid Hg (lo, 12 , is, 

128, ISO, 226, 220 

42, 48 

, 202, 

, 88, 122, 
222) 

t, ®c- 

Joule/g- 

atom 

±% 

®C 

Joule/g 

±% 

t, ®c 

Joule /g 
±0.1% 

-270 

0 221 

• 

1 

-40 

0.1462 

ED 

120 

0.13748 

-260 

4.61 

2 

-20 

0.1417 

in 

140 

0.1374a 

—240, 

16.95 

0.6 

0 

0.14030 

0.26 

160 

0.13748 


21,27 


+20 

0.13934 

0.25 

180 

0. 13760 


23 07 


40 

0.13864 

0.26 

^^3 

0.13777 

-160 

26.76 


60 

0.13814 

0.25 


0 . 1379? 

-100 

26.92 


80 

0.13780 


240 

0 . 13824 

- 60 

27.77 


100 

0.13767 


260 

0.13851 


27,99 





280 

0. 13880 


HtOy Water 


Cp in joules per gram. Note. — The values in this table should 
be increased by 0.12 % to bring them into accord with the I. C. T. 
accepted value for the joule which is 4.185 calit. 


t, ®C 

1 

p =* 1 atm. (S| 1 >, 41, 

42, 83, 54, 62, 72, 99, 101, 
102, 104, 126, 127, 180, 214, 
242, 289) 

j 

p the vapor pressure 
(72, 104, 242) 

1 Cp 

± % II °c 

1 Cp 

1 ± % II “C 

1 Cp 

1 ±% 

-6 

4.244| 

EQ 


4.184 

1 

EES 

100 

4.198 

0 2 

0 



40 


En 

150 

4.222 

0.2 

+5 

% 

4.210 

m 

60 

4.186 

EH 

200 

4.255 

0.5 

10 

4.199 

0.1 

80 

4.192 

0.2 

250 

4.30 

1.0 

16 

4.190 

■«m 


4 198 

EDI 

300 

4 35 

2.5 
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CO, 

Liquid; values of c, and c^y jouie /g, p in kg/cm*, v in cm*/g 
/ 



L "“C 

40 

6 

-50 


1. 

-40 


2. 

-30 


2. 

-20 

2.0 

2. 

-10 

2.1 

2 



90 

2 T 08 

2.17 

2.60 
2.8 
3 3 


115 

^0 

2.07 
2.3 
2.55 

2.8 



1.1 

0 


10 


20 


30 


40 



p, kg/cm« 
0 

200 
400 
600 


VAWATION OF SPECIFIC HEAT WITH PRESSURE 
Values of (specific heat at 1 atm. - sp. ht. at p, kg/<rm») ± 1 %; joules per gram 

Hg, Mercury iss) 

p, kg/cm* 



0.0 

0 0 

0.0 

1000 

0.000062 


0.00002 

0.00046 

0 00059 

2000 

0.000092 

6000 

0.00005 

0.00005 

0.00105 

0.00146 

0.00129 

0.00207 

3000 

4000 

0.000154 

0.000185 

7000 


15° 

0.000246 

0.000277 

0.000338 


p, kg/cm* 


CS, 

» 9 


20° 

40° 

60° ; 

QO 

O 

o 

20° 

0 

500 

0.0 

0 0 

9 

0 0 

0.0 

0.0 

1 000 

-0.00043 

+0.0022 

+0.0078 

+0.0170 

+0 006 

2 000 

-0.0078 

+0.0004 

+0.0100 

+0.0310 

+0 014 

3 000 

-0.0091 

-0.0019 

+0.0095 

+0.0378 

-0.007 

4 000 

-0.0061 

-0.0013 

+0.0077 

+0.0382 

-0.009 

5 000 

-0.00174 

-0.0022 

+0.0062 

+0.0313 

-0.010 

6 000 

+0.0052 

-0.0044 

+0.0054 

+0.0205 

-0.011 

7 000 

+0.0118 

-0.0074 

+0 0017 

+0.0144 

-0.011 

8 000 

+0.0104 

-0.0096 

-0.0017 

+0 0131 

-0.012 

9 000 

+0.0035 

-0.0135 

-0.0039 

+0 0162 

-0.012 

10 000 

-0.0022 

-0.0214 

-0.0050 

+0.0220 

-0.015 

11 000 

-0.0017 

-0.0264 

-0.0065 

+0 0229 

-0 020 

12 000 

+0.0017 

-0 0245 

-0 0078 

+0 0112 

-0.013 


CS,, CH,OH and CsH,OH *58) 

CH,OH 


40 


60 


80 


CtH.OH 


20 


40 


0 0 

0.0 

0.0 

0.0 

0.0 

+ 0 002 

0.0 


1 


+0 008 

+0.011 

+0.012 

-0.001 

+0.004 

+0.011 

+0.019 

+0.026 

-0.001 

+0.008 

+0 008 

+0.021 

+0.026 

-0.001 

+0.013 

+0 006 

+0.017 

+0.023 

-0.000 

+0.014 

+0.004 

+0 016 

+0 018 

+0.001 

+0.011 

+0.003 

+0.013 

+0.016 

+0.003 

+0.008 

-0.003 

+0.009 

+0.017 

+0.002 

+0.004 

-0.007 

+0.003 

+0 023 

+0.001 

+0.001 

-0.011 

-0 003 

+0.033 

-0.003 

-0.009 

-0 014 

-0 004 

+0.051 

-0.011 

-0.013 

-0 015 

-0 001 

+0.059 

-0.018 

-0.013 

-0.013 

+0.001 

+0 035 

-0.000 

-0.013 


0.0 

-f-0.006 
+0.010 
+ 0.011 
+0.009 
+0.004 
+ 0 . 001 * 
- 0.001 
-0.006 
-0.009 
- 0.012 
- 0.012 


m 

0.0 


+0.006 
+0.004 
+0.001 
-Q.OOl 
-0.003 
-0.003 
-0.001 
+0.004 
+0.031 
+0.057 
+0.065 
+0 003 


Values of Cp for 

p ** the vapor pressure 

NH, 

(7, 71, 74, 7#, ISB, 149, SIO, 2SS) 


the Liquid State 

SO,. — (Coniinued) 


1, °C 

Cp, joule /g 

± % 

-60 

4.383 

0.1 

-40 

4.440 


-20 

1 4.510 


0 

4.597 


+ 20 

4 710 


40 

4.8^ 


60 

5.084 

1 

1 

80 

5.42 

0.25 

90 

5.71 


100 

1 

6.19 

0 5 

110 

6.72 

1 

V. oho p 

1. 86. 



80, 


( 

Si, ITS, 222) 

-20 

1 31 

5 

0 

1.33. 


+20 

1.37 


40 

1.43 



t, °C 

Cp, joule/g 

±% 

60 

1.51 


80 

1.62 


100 

1 75 


120 

1 95 


140 

2.38 

I (179) 

150 

3.54 

11 to 140 

1.37 + 

0 0012i 

0 5 


H,S04 


(86, 178, 227, 228, 232) 

10 to 45 

1.42 + 

o.ooiet 

3 


C,H&OH. — (C<mtintLed) 

/, °C 

Cp, joule/g 

±% 

- 50 

1.98 


0 

2.24 


+ 25 

2.43 

1 

50 

2.73 

1 

100 

3.45 

1 

3 

150 

4.41 



p B 1 atm. 

CHiOH, Methyl alcohol 


CjHjOH.— (Confinusd) 
(1«2, 1S7, 219, 221) 


°C 

Cp, joule/g 

± % 

-100 

1.78 

3 

- 60 

1.98 


0 

2.36 


+ 50 

3.10 



C,H,OH, Ethyl alcohol 

(S, SI, 26, 40, 99, 111, 116, 
122, 163, 187, 243, 247, 249, 
372, 289, 301, 321) 


-100 
- 75 


1.91 

1.92 


0.5 


(40, 111, 

139, 144, 

278, SOI) 

0 

2.37 

1 

20 

2.51 


40 

2.58 


CsHtOH, Propyl 

alcohol 

Normal (40, 98, 139, 

, 182, 187, 


347, 201) 


-120 

1.80 

1 

-100 

1.82 


- 50 

1 91 


- 25 

2.01 


0 

2.20 

1 

+ 25 

; 2.45 


50 

2.74 



CS„ 

(21, 89, 

-100 to 
+ 150 


Carbon disulfide 

111, 122, 13«i *•*) 

0.984 + I 6atex- 


O.OOlOsl 


tremes, 

3at0 


C,H 40 ,, Acetic acid 

(23, 28, 106, 148, 183, 176, 178 
192, 219, 249, 288, 201) 


0 to 80 


1.960 + 
0.00389< 


CsHiOi, Glycerol 

(28, 80, 93, 166, 282, 283) 
Liquid and vitreous 


-200 

-200 

-150 


0.18 

0.40 

0.73 
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C |H|0 a . — {Continued ) 


t, *0 

Cp, joule/g 

±% 

-100 

0.97 

■ 

- 05 
?U 

1.00 


- 85 

1.89 


- 60 

2.03 


0 

2.26 


+ 50 

2.5i 

6 

100 

2.8o 



CcHst Benzene 

(4, 23, «5, 89, 116, 182, 232 
247, 265, 267, 275, 301, 302 


C 

321) 

Cp, joule/g 

±% 

5 

1.63 

2 

10 

1.65 


20 

1.70 


40 

1.77 


60 

1.86 



LITERATURE, v. p. 116. 


CeHe. — {Continued) 


<, ‘‘C 

Cp, joule/g 

±% 

80 

1.94 


90 

1.98 



CtHb, Toluene 


(21, 23, 81, 89, 116 

, 224, 249, 

265, 281, 301, 302, 321) 

-97 

1.472 

1 

-60 

1.522 


0 

1.614 


+50 

1.761 



CtHh. — {Continued ) 



Cp, joule/g 

±% 

80 

1.869 


100 

1 966 



CeHyN, AniUne* 

(15, 92, 100, 111, 139, 156, 224, 


231, 

, 266, 267, 

301) 

0 

2.0o 

6 

50 

2.18 


100 

2 29 



•For more recent data, p. (•*♦). 


THE HEAT CAPACITY OF CERTAIN SOLUTIONS 

J. H. Awbery 


AQUEOUS SOLUTIONS 

Acids 

(M - Mole) 

HCl 176, 251, 262, 253, 295, 296, 304, 309) 


M % 


Joule/g ±M% 

HCl 

MhjO 

0"C , 

10°C : 

20°C ! 

40®C 

60°C 

0.0 

0.0 

4.215 

4.196 

4.182 

4.174 

4.182 

4.76 

.06 

3.446 

3.446 

3.521 

3.632 

3.265 

9.09 

.10 

3.016 

3.016 

3.132 

3.141 

3.272 

13.0 ‘ 

.16 

2.743 

2.714 

2 . 852 

2.879 

2.974 

16.7 

.20 

2.660 

2.526 

2.643 

2.701 

2.798 

20.0 

.26 

2.430 

2.413 

2.476 

2.576 

2.677 

23.1 

.30 

2.346 ' 

2.338 

2.360 

2.488 

2.605 

25.9 

.36 

2.300 




2.551 




Joule/g 

M % 
H,SO, 

/ 

Mh,o 

Joule/g 

±34%, 

IS'^C 

±34%, 

18°C 

±^%, 

SS'^C 


MhjSo*’ : 


0 

1.397 

1.414 

0.99 

100 

4.002 

16.7 

5 

2.417 

2.242 

0.66 

150 

4.048 

9.09 

10 

2.999 

2.59 

0.497 

200 

4.077 

4.76 

20 

3.467 

2.97 

0.0 

00 

4.182 

3.23 

30 

3.663 

3.26 




2.44 

40 

3.780 

3.43 




1.96 

50 

3.860 

3.53 




1.64 

1 60 

3.911 

3.60 






M % 
Joule /g 


3.23 

4.01 


6 

,98 

16.7 

30.9 

54.5 

100.0 

3 

.81 

3.44 

3.06 

2.64 

2.24 



Alkalies 

NH, (206, 309) 


m%nh. 



Joule/g ±H% 


0.0 
6.2 
10.6 
15.8 
20.0 
26.1 

31.2 

36.3 

41.4 


M % PhNH_ 
Joule/g ±2% 


2.4**C I 20.6”C i 41°C | 61°C 


5 

10 

16 

20 

26 

30 

35 

40 


4.211 

4.148 

4.008 

4:073 

4.023 

4.006 

4.002 

4.023 

4.124 


CcHiNHt, Aniline, 


4.182 

4.174 

1 * 

4.182 

4.186 

3.998 

4.216 

4.170 

4.441 

4.261 

4.144 

4.364 

4.303 

4.144 

4.308 


4.165 



4.197 



4.236 




100 

96.0 

4 

90.6 

82.3 

2.08 

2.17 

• 2.22 

2.34 


76.2 
2.43 


NaOH, 20®C (36. no, 2S1, 252, 295, 296, 304) 


M % NaOH 

Joule/g +0.1% 

0.0 

4.182 

0.50 

4.123 

0.99 

4.045 

4:76 

3.701 

9.09 

3.498 

M % NaOH 

16.7 i 

23 1 

28.6 

3.275 

37.6 

3.270 

Joule/g ±0.1% i 

3.341 

3.287 


KOH (lid, 2S1, 252, 295, 296) 


M % ‘ 
KOH 

Joule/g 

M% 

KOH 

Joule/g 

• 

M % 
KOH 

Joule/g 

±0.1%, 

19®C 

±0.6%, 

27°C 

±0.1%, 

lO^^C 

±0.1%, 

lO^'C 

9.09 

3.132 ; 

3.26 

1.64 ! 

1 

3.894 

0.497 

4.077 

4.76 

3.396 

3.51 

1.23 1 

3.956 

0.333 

4.094 

2.44 

3.764 

3.81 

0.99 

3.998 

0.249 

0.0 

4.103 

4.182 


Salts 

NaCl (43, 66, 103, 176, 239, 252, 273, 294, 295, 322) 

V. also Vol. II, p. 328 


M % 

Mh,o 


Joule/g 

±0.1% 


NaCl 

Mnaa 

6^C 

1 20°C 

33°C . 

67 °C 

9.09 

10 


3.38 

3.39 . 

3.41 

6.25 

15 


3.468 

3.472 

3.52 

4.76 

20 

1 


3.593 

3.604 

3.64 

2.44 

40 ! 

3.809 

3.822 

1 

3.834 

3.86 

1.64 

60 

3.910 

3.922 

3.934 


1.23 

80 


3.980 

3.988 


0.99 

100 

4.011 

4.020 

4.021 


0.66 

160 

4.054 

4.062 

4.068 


0.497 

0.333 

0.249 

200 

300 

400 

4.092 

4.092 

4.113 

4.14 

4.09d 



t, "C 

' d‘ 

1 Joule/g ±1% 

Lit. 

— 

-16 

-26 

1.114 

1.26 

3.20 

2.71 

(69) 



• KCl (43, 138, 176, 181, 239, 252, 273, 294, 295, 296, 322) 


M % 
KCl 

Mko 

1 Joule/g ±0.1% 

Mh,o 

e^^c 

20‘’C 

33 ‘^C 

40^C 

0.0 

0.0 


4.180 

4.170 

4.17 

0.99 

0.01 

3.954 

3.958 

3.962 

3.96 

1.96 

0.02 

3.771 

3.772 

3.788 

3.78 

2.91 

0.03 

3.611 1 

3.622 ; 

3.633 

3 64 

3.85 

0.04 

' 3.461 

3.478 

3.492 

3.60 

4.76 

0.05 

3.337 

3.351 

3.367 

3.35 

5.66 

0.06 

3.222 

3.238 

3.264 

3.24 

6.54 

0.07 

3.12 

' 3.138 

3.16 

3.13 

'7.41 

0.08 


3.036 
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M % B 


0.0 

2.87 

5.88 
9.03 

12.3 

19.4 
27.3 

B - 


Alcohols 

B ■= CHiOH, Methyl alcohol 
Toule/g ±H% I 

5° 1 20“ I 40** M % B 

4.184 4.182 4.176 36.0 

4.270 4.196 4.170 45.8 

4.253 4.186 4.163 66.7 

4.174 4.167 4.136 69.6 

4.077 4.113 4.107 83.6 

3.872 4.015 4.015 100.0 

3.668 3.835 3.866 


(*0> 

I Joule/g ±14% 


6“ 

3 454 
3.246 
3.045 
2.862 
2.643 
2.413 


20 “ 

3.626 

3.387 

3.166 

2.967 

2.727 

2.509 


40“ 

3.668 

3.471 

3.266 

3.040 

2.831 

2.580 


CiHtOH, Ethyl alcohol 40, s t, i64, i«s, ars, sas) 

Joule/g 


M % B 


0.0 

2.02 

4.16 

6.46 

8.91 

11.6 

14.4 

20.7 
28.1 

37.0 

47.7 

61.0 
77.9 

100.0 


±0.5%, 

3“C 


4.211 
4.316 
4 379 
4.396 
4.362 
4.282 
4.186 
3.926 
3.622 
3.367 
3.132 
2.802 
2.668 
2.263 


± 0 . 6 %, 

23“C 


4.182 

4.236 

4.274 

4.312 

4.324 

4.299 

4.241 

4.077 

3.847 

3.688 

3.329 

3.040 

2.760 


± 1 %, 

41“C 


4.174 

4.241 

4.291 

4.320 

4.324 

4.299 

4.267 

4.107 

3.898 

3.656 

3.404 

3.132 

2.861 

2.601 


2.417 


CjHtOH, n- Propyl alcohol 2H) 


Joule/g ±yi% 


M % B 

Joule/g ±^% 

M % B 


6“ 20“ 

40* 

0 0 

4.203 4.182 

4.174 

16.7 

1.55 

4.308 4 282 

4.231 

23.1 

3.23 

4.395 4.383 

1 

4.280 

31.0 

6.03 

4.466 4.441 

4.312 

41.2 

6.97 

4.638 4.466 

4.320 

54 6 

9.09 

4.517 4.441 

4.253 

73.0 

11 4 

4.329 4 329 

4.165 

100.0 


M % B 


0.0 

2.12 

4.66 

115 


5“ 


3.990 

3.668 
3.404 
3.128 
2.862 

2.669 

2.233 

C,H,0,, Glycerol *0, les) 


Joule/g 


20 



40“ 


3.986 
3.810 
3 617 
3.408 
3.203 
2.961 
2 601 


±H% 


16“C 


4.18 

4.03 

3.88 

3.56 


32“C 


4.17 

4.02 

3.86 

3.62 


M % B 


22.7 

43.9 

100.0 


15“C 


3.20 

2.80 

2.32 


Joule/g 

±H% 


C I 32“C 


3.17 
2.81 
2 41 


WON-AQUEOUS SOLUTIONS 


Cp = joule/g 

CH4O 

B * CiH^O 

±.0.6% (40) 


M % A 
100 0 
85 2 

68.3 
48.9 

26.4 
0 0 


25“C 

Cp 

2.630 

2.618 

2.601 

2.493 

2.467 

2.430 


B - CJH.O 
n-Propyl alcohol 
±0.5% (>39) 

t - 40“C 
M % A I d- 


100.0 

81.7 

65.2 

38.6 

0.0 


''p 

2.580 
2.626 
2.530 
2 559 
2 601 


CtH,0 
B = C,H,0 
n-Ppopyl alcohol 
Solid, ±2% (»») 


B » NaC1.900H,0 
±1% (>»«) 
t - 20“C 
M % A* I c. 


60 M % A 

“C 

1 

Cp 

-200 

0.92 

-190 

1.02 

-180 

l.U 

Liquid, ; 

tO.5% 

-76 

1.866 

-60 

2.003 

-25 

2.112 

0 

2.196 


0.0 

89.8 

96.2 

97.2 

98.2 
99. 2t 
99. 7t 

100.0 


Cp 

4.08 

4.20 

4.27 

4.20 

4.03 

3.61 

2.96 

2.38 


B - Cja,N.-- 
(Con^d) 

M % A c 

82.3 2.79 

86.1 2.81 

93.4 2.81 

100.0 2.60 


B « 

± 0 . 6 % 

t « 

M % A 
0.0 
16.8 

29.8 

42.1 
63.0 

62.9 

71.8 

79.8 

87.2 

93.8 
100.0 


• M % A • mole* 
CtB«0/(niolflB CsH«0 + 
mdes tah). 

t ±1. t ±2. 


B - KC1.200HtO 
±1% (*3«) 
t « 68“C 


CsHgOf 

■Olycerol 
B - CiHtN 
Aniline 
±0.5% (!••) 
t - 20“C 

0.0 I 2.16 


cja . 

(aaa, ao7) 
20“C 

1.70 

1.80 

1.92 

2.03 

2.11 

2.176 

2.22 

2.26 

*2.326 

2.342 

2.405 


0.0 

89.9 

96.2 

97.2 

98.2 

99.2 
99.7 

100.0 


4.04 

4.18 

4.23 

4.16 

3.98 

3.63 

3.15 

2.84 


6.1 

10.1 

20.2 

30.2 


2.24 

2.41 

2.47 


B - CiHtN 
Aniline 
±0.6% (13®) 

t » 40“C 
0.0 2.13 

34.1 2.38 

60.8 2.62 



M % 
A 
100 
76 
60 
26 
0 


Cp 

6“C 20®C 
2.24 2.36 
2.18 2.30 
2.10 2.21 
1.99 2.07 
1.69 1.77 
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INTERNATIONAL CRITICAL TABLES 


THE HEAT CAPAaTY OF ALLOYS, AMALGAMS AND INTERMETALLIC COMPOUNDS 

Luigi Rolla 


Contents 
Ferrous alloys. 

Amalgams. 

Non-ferrous alloys. 

Sybjbols 

Cp (resp. True (resp. mean) 
heat capacity at i, ®C (resp. 
f 1 to ti, ®C), in joules per gram- 
molecular weight per deg C. 

Cp (resp. Cm) True (resp. mean) 
specific heat at i, ®C (resp. ti 
to ti, ®C), in joules per gram 
per deg C. 

Arrangement 

In each part the alloys are 
arranged in alphabetical order 
according to the chemical sym- 
bols of the elements which they 
contain. Thus, Cu-Al alloys 
will be found under Al; but 
Cu-Sn alloys will be found 
under Cu, Zn-Sn alloys under 
8n, etc. 


M ATTIRES 

M^taux ferreux. 

Amalgames. 

AUiages non ferreux. 

Symboles 

Cp (resp. Cm) Capacity calorifi- 
que vraie (resp. moyenne) & 
f, ®C (resp. h k ti, *’C) en joules 
par poids mol6culaire gramme 
et par dcgr4 C. 

Cp (resp. Cm) Chaleur sp4cifique 
vraie (reap, moyenne) t, 
(reap. ii k it, ®C) en joules 
par gramme par degr^ C. 

Arrangement 

Dans chaque partie, les alli- 
agea sont arranges dans I’ordre 
alphab^tique en accord avec les 
symboles chimiques des 416- 
ments qu'ila contiennent. Ainsi 
les alUages Cu-Al seront trouv^s 
sous Al alors que les alliages 
Cu-Sn seront trouv^s sous Cu 
et les alliages Zn-Sn sous 8n, 
etc. 


Inhai/tsverzeichnib 

Eisenlegierungen. 

Amalgame. 

Eisenfreie Legierungen. 


Zbichen 

C, (bezw. Cm) Wahre (bezw. 
mittlere) Wfirmeinhalt bei 
i, ®C (be*w. /i bis tt, ®C) in 
Joule pro Oramm-Molekular- 
gewicht pro ®C. 

c, (beaw. Cm) Wahre (berw. 
mittlere) spezifische W&nne 
bei /, ®C (bezw. fi bis tj, ®C) 
in Joule pro Gramm pro *C. 


Anordnuno 

In jedem Teil sind die Legie- 
rungen nach dem Alphabet 
geordnet und zwar nach den 
chemischen Symbolen der sie 
zusammensetzenden Elemente. 
So wird man Cn-Al-Legie- 
nmgen bei Al finden, aber Cu- 
Sn-I«gierungen bei Cu d^nn 
Zn-Sn-Legienmgen unter Sn 
und so fort. 


Indice 

Leghe del feno 118 

Amalgame 119 

Leghe non contenenti feno 119 

StMBOLl 

Cp (o Cm) Galore apecifioo veio 
(o medio) a f, ®C (o fra e 
it, ®C) espresso in joule per 
grammo molecola. 


Cp (o Cm) Galore speoifioo veio 
(o medio) a <,®C (o fra fi e 
<*,®C) espresso in joule per 
grammo. 

DlSPOSlZlONB 

Le leghe sono disposte in 
ordine alfabetioo seoondo i 
simboli chimici degli element! 
in esse contenutL Peresempio, 
la lega Cu-Al si trova sotto Al; 
la lega Cu-Sn si trova sotto Cu, 
la lega 2hi-Sn sotto Sn, eco. 


c,(17-100^) 
% C 


FERROUS ALLOTS 
Pe-C 

V. also Vol. II, p. 618 
0.4661 + 0.0184 X % C (From 0 to 7%) (»4) 


CmC^) 


17-250 


17-400’ 


17-500 


0.17 

0.4956 


0.36 

10.498s 


0.81 
0.5056 


1.43 


0.11 

0.5207 

0.45 0.89 

0.5249 0.5362 

1.22 

0.5425 

1.54 

0.544s 

0.17 

0.6471 

7 

0.46 |0.89 
0.5475|o.6579 

1.22 

0.5592 

1.54 

0.6617 


17-550 


0.17 

1.54 

0.5617 

0.5551 


17-640 


0.17 

0.45 

0.89 

1.22 

1.54 

0.6747 

0.5772 

0.5839 

0.5856 

0.5868 


0.11 

0.89 

1.00 

0.5902 

0.5969 

0.5985 


17-680’ 


0.6% C; Cm(-186 to +18’) - 0.3670; (18-100’) - 0.4730 (»). 
For higher temps., v. Fig. 2. 

Cementite (><); Mol. wt. « 179.62 

f, ’C 

C m (IT-f) 

0.09% C; c “ 0.4889 (tempered 
(annealed 24 hr at 650’C) (i®). 


%C (tO) 

e (normalized) 
c (annealed) 


0.20 
0.4818 


0.60 
0.4872 


10.70 
0.4939 
0 . 4886 


[0.89 
0.4989 
0.4964 


1.05 
10.5039 




0 

0. 5739 

Fe-HI, Feironickel 
0.4696 at lOO’C (»). 

Pe-Sb 

56% Fe; e« (0-100’) - 0.3637 (i*). 


30% Ffe; Cp 



Fe-Si 


% Fe (M) 
Cm (0^1’) 


90 

86 

50 

25 

16 

0.543 

0.563 

0.606 


0.673 


FeSi (»4);Mol. wt. - 83.9 


t, ’C 

c 


17-100 




49.7 (M) 

51.5 

54.1 

66. 2| 


6 

0.692 


400 500 1600 

67.9 69.41 60.4 


Special Fe Alloys 


0.496 (*•) 


Invar 


• — 1 1 

f 

— 182 to —15 

15^100 

16-600 

Cm 

0.3876 

0.602s 

0.6274 


A 
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C, 4- Mn, 0.e2 + Si, 0.46; e,(12^) » 0.513 (>). 

C, 0.7 + Mn, 0.82 + ITi, 31.4; c,(12*) - 0.606 (S). 

C, 0.6 + Mn, 6.04 + Ni, 26.0; c,(12“) = 0.496 (»). 

C, 0.76 + Mn, 0.28 4-^, 11.6; c,(12'*) = 0.436. 

C, 0.26 4- St, 6.60; c,(12®) - 0.460 (»). 

C, 1.09 + Cp, 9.60; Cp(12®) = 0.606 (*). 

C. 0.04 4- Al, 1.0 + Cu, 3.76 + Mn, 0.16; c,(12‘’) = 0.491 (3). 




c 

Cu 

Mn 

P 

Si 

c« 


% 


0.1 

0.036 

0.11 

0.003 

0.18 




Knipp Steel 

I. C, 0.01 + Mn, Tr. + P, 0.04 + S, 0.03 + Si, 0.02. 

II. C, 0.06 + Mn, 0,06 -P P, 0.006 + S, 0.019 -f Si, 0.005. 


C ' 

260 

300 

350 

400 

460 

600 

ci(0-«°) (f) 

0.604 

0.516 

0.526 

0.637 

0.649 

0.660 

eu(0-C) («) 

0.611 

0.526 

0.638, 

0.646 

0.661 

0.672 

r 


600 

660 

700 

760 

800 

ei((M°) (») 

0.670 

0.584i 

0.600 

0.622 

0.643 

0.669 

cii(0-4*) (**) 

0.684 

0.693 

0.612 

0.667 

0.701 

0.711 

I* 

850 

900 

950 




ei(O+0 (») 

0.689 

0.688 

0.676 




Cu(0-<'>) (M) 

0.711 

0.711 

0.707 





Ferromenganese (3i) 

C, 0.6 + Mn, 48 + 8i, 21.9; c.( -185 to +20°) 

Ferronickel (•) 

C, 0.36 + Ni, 0.24 + Mn, 0.4 


0.446. 


c> (magnetic) 

Cm (non^magneti c ) 


Formula or 
Wt. % Hg 


0-18 

20-100 

0.4645 

0.4939 

0.4274 

0.4713 


20-270 

0.5203 

0.5186 


AMALGAMS 


90.4 

97 

90 

9.6 

20.1 

31.2 

37.2 

49.0 

61.2 

67.7 

79.7 

88.6 

HgZn 

HgZn 

HgZot 

HgZot 

49.2 

49.2 

49.2 
32.6 
32.6 

12.2 
12.2 

10.0 
20,0 
30.0 


i or A/, ®C 

Cp or 
joule/g 

Hg-K 


1 -22 to +16 

1 0.1882 1 

Hg-Na 


-22 to +16 

0.2267 

-21 to +16 

0.1692 

Hg-Zn 


0to97 

0.3765 


0.3615 


0.3403 


0.3641 


0.3467 


0:3202 


0.3065 


0 . 2829 


0.2683 

-27 to +16 

0.2314 

15 to 89 

0.2714 

-32 to +16 

0.2806 

16 to 89 

0.3276 


Lit. 


( 35 ) 

( 35 ) 


Hg-Pb 

30 to +16 
23 to 99 

15 to 89 

26 to +16 

16 to 89 
34 to +16 
16 to 89 

Hg-Sn 

0to97 

0to97 

0to97 


0.1447 

0.160s 

0.1773 

0.1401 

0.1368 

0.1276 

0.1298 

0.2289 

0.2243 

0.2884 


(17) 

( 17 ) 

(”) 

(”) 

( 17 ) 

(”) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 27 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

(»^) 

(»^) 

(*^) 


Hg-Sn. —{ConHnued) 


Formula or 
Wt. % Hg 


t or Al, ®C 


Cp or c*, 
joule/g 


Lit. 


40.0 

0 to 97 

0.2875 

60.0 

0 to 97 

0.2879 

60.0 

0 to 97 

0.2867 

70.0 

0 to 97 

0.2821 

80.0 

0 to 97 

0.2691 

90.0 

0 to 97 

0 . 2628 

HgjSn 

-23 to +15 

0.1649 

HgtSn 

15 to 89 

0.3101 

HgSn 

-30 to +15 

0.1709 

HgSn 

15 to 89 

0.2980 

HgSn 

22 to 99 

0 . 3068 

HgSn, 

-24 to +15 

0.1927 

HgSn, 

15 to 89 

0.2729 

HgSn, 

21 to 99 

0.2768 

HgSn, 

-23 to +15 

0.2009 

HgSn, 

15 to 89 

0.2421 

HgSn, 

-30 to +16 

0.2061 

HgSn 4 

15 to 89 

0.2451 

HgSn 6 

-16 to +15 

0.2109 

HgSn 6 

15 to 89 

0.2319 


0^) 

(»7) 

(*7) 

(17) 

( 17 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 27 ) 

( 35 ) 

( 35 ) 

( 27 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 

( 35 ) 


NON-FERROUS ALLOYS 


Two-Component 

Ag-Al 

AgiAl, Mol. wt. = 350.6; Cp, joule/mole 



t 

-160 

-100 

-50 

0 

+60 

(3*) 

Cp 

79.84 

87.47 

93.49 

97.74 

100.4 


C 

200 

300 

400 

6(X) 

600 

( 34 ) 

Cp 

106.1 

109.2 

111.6 

114.6 i 

116.9 

c 

1 

18-100 

18-300 

18-600 

100 

( 34 ) 

Cp 


100.2 

104.6 

108.6 

101.8 


c 

• 

-182 to +16 

16-100 

16-227 

16-+10 

( 35 ) 

Cp 

$ # 

90.99 

102.1 

103.3 

106.6 


Ag^Al 

, Mol. wt « 242.72; Cp, joule/mole 


C 

— 

-160 

-100 

-60 

0 

+60 

( 32 ) 

Cp 

67.6 

64.6 

70.1 

74.0 

76.1 



e 

18-100 

18-300 

18-600 

100 

200 

300 

400 

600 

600 

(»^) 

Cp 

76.2 

78.9 

82.9 

77.6 

79.7 

81.8 

84.9 

88.1 

92.7 



AgAlij (^®), Mol. wt. * 431.4 


C 

-182 to +16 

16-100 

15-300 

16-496 

Cp 

261.3 

326.3 

343.0 

378.0 


Ag-Au 

Cp, joule/g (31) 


Ag, 80% 

e 

-136 

-39 

+ 12 

Au, 20 % 

Cp 

0.1921 

0.2072 

0.2147 


Ag-Mg 


AgMg, Mol. wt. * 132.2; Cp, joule/mole 


Cp 


-160 

-100 

-50 

0 

+60 

17-100 

36.6 

41.4 

46.0 

47.6 

48.9 

48.9 


(«) 


c 


18-100 

49.3 


18-300 

51.5 


100 

50.4 


200 

52.1 


300 

63.9 


400 

56.6 


600 

67.7 


600 

69.2 


( 34 ) 


Ag-Sb 


AgiSb, Mol. wt. = 446.41; Cp, joule/mole 


C 

-150 

-100 

-60 

0 

+60 

( 32 ) 

Cp 

86.0 

94.2 

99.9 

103.4 

103.5 


t° 

100 

200 

300 

18-100 

18-300 

( 34 ) 

Cp 

104 4 

107.0 

117.5 

103.3 

107.0 
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Ag-Te 

AgaTe (5®;, Mol. wt. 


343.26 


r 

* -182 to +15 I 

1 

15-100 

15-180 

16-390 

rv. . . 

... , #4.1 1 

96.6 

98.6 

96.3 


Al- 

Al, 94 %; c^(20-100®) = 0.4367 (33). 

Al-Cu 

AltCu, Mol. wt. = 117.49 


Bi, 56.9%; c«.(17-99*‘) = 0.1883, c*(146-267’*, Hq.) - 0.190o 

(”). 

Bi, 44%; 0,(44-66**) = 0.176® (*3). 

Cd-Sn 

Cd, 32.2%; c,(-77 to -)-20**) « 0.2317; (20-100®) -0.2344 

( 33 ). 

Co-Sb 

CoSb, Mol. wt. - 180.74 (**) 



+50 

( 32 ) 

18-100 

18-300 

18-600 

f ■ |0 

(3<) ' 

17-100 

-160 

-100 

-60 


+60 


73.7 


73.6 

61.1 

79.2 

Cp 

61.2 

38.1 

42.7 

46.6 


51.1 


AlCu, Mol. wt. = 90.63 


Co-Sn 


-150 ' 

-100 , 

-60 

0 

+50 

( 32 ) 


CotSn, Mol. wt. 


31.7 1 

38.1 ! 

43.0 

46.4 

48.4 

r 

-1601 

-100 

-60 1 




236.64 






18-100 

18-200 

100 

200 

300 

400 



79.4 

84.4 

81.9 

86.8 

89.2 

91.7 




joule/ 

__mole (3®) 

Cr.Sb 

CrSb,, Mol. wt. = 295.56; C«C17-100‘’) = 83.2 joule/mole (»*) 

CrSb, Mol. wt. = 173.78 (33) 


C 


-160 1 

-100 

-60 

0 

+60 

36.6 

11.6 

46.6 

50.3 

53.1 


Cu-Mg 


161.46 


AI, 11.3%, soft bronze; c, (20-100®) = 0.437 (*«). 
Al, 60 %;c,.(20-100®) = 0.702 ( 33 ) jpule/g. 


Al, 92 %; Cp(room) 


joule/mole 


r 

C, 

-150 

45.4 

-100 

62.2 

-60 

57.3 

0 

60.7 

+60 
62.4 1 

(”) 

r 

C, 

18-100 

73.5 

18-300 

76.4 

18-600 

80.6 

100 

75.1 

200 

78.0 


fSg!i 

(*4) 


CuMg,. Mol. wt. = 112.21 (33) 


Al-Mg 



-160 

-100 

-50 

0 

+60 

= 1.16 joule/g (38). 

c, 

49.7 

67.7 

63.9 

68.4 

71.2 


Al, 32.1%; c,(15-100®) 
Al, 60%; c,»(20-100®) « 


Al-V 

= 0.655 joule/g (**), 
Al-Zn 

0.565 joule/g (33), 

As-Sb 


joule/mole 


Cu-Mn 


Wt. % Cu 
90 
68 


i® 

-136 

-39 

+12 

^ 

0.323 

0.376 

0.396 

Cps S . . 

0.346 

0.400 

0.414 


joule/g (**) 



29.6 % As 1 

16.75 % As 

6.56% As 

-190 to -88 

0.217e 


0.1938 

— 76 to 0 

0.2264 


0.209? 

0 to 26 

0.2390 

0.2331 

0.2185 


Cu-Ri 


Wt. % Cu 
96 ( 31 ) 
90 ( 31 ) 


Cp 

Cm 


-136 
0.3069 
0 . 3072 


-39 

0.3675 

0.3662 


+12 
0 . 3792 
0.3800 



Au, 80%; c, - 0.1636 at -136°, =0.179 b at -39°, 

- 0.1829 at +12°, joule/g (Si). 

Au-Mg 


Wt. % Cu 
40 (11) 
Constantan 


( 
Cp 


0 

0.4102 


18 

0.4089 


100 

0.426® 


Form. 

AuMg 

AuMgs 
AuMgj 


Mol. wt. 

t° 

-160 

-100 

-60 

0 

+60 

221.62 

C, 

36.3 

41.3 

45.1 

47.9 

49.8 

245.84 

C, 

62.1 

59.5 

66.7 

70.3 

73.6 


C, 

66.7 

77.2 

86.3 

93.0 

97.1 


Cu-Sb 
CutSb, Mol. wt. 


248.91 


joule/mole (33) 


Bi-Cd 

(1^(17-100®) = 0.234? — 0.00108 X % Bi, from 40 to 90% Bi 

Bi-Pb 

c,(^100®) - 0.1298 +0.00013 X (%Bi),from 0 to 60 % ( 3 »), 
e,((V-100®) - 0.1471 - 0.00217 X (% Bi), from 60 to 96%. 

Bi-Sn 


r 

C, 

-160 

60.6 

-100 
67.3 1 

-60 

72.3 

0 

76.6 1 

+60 

77.1 

(”) 

i® 

C, 

100 

79.2 

200 

81.7 

300 

84.0 

18-100 

77.7 

! 18-300 
80.5 

(*«) 


Cu,Sb, Mol. wt. - 312.48 


e 

-160 

-100 

-50 

0 

+50 

17-100 

(»») 

c, 1 

81.7 

90.8 

97.6 

102.0 

104.1 

102.6 1 




t 

Cp 


18-200 

106.0 


18-400 

107.0 


100 
106.6 


200 

109.5 


300 

112.6 


400 
116.4 


(»^) 


Wt. % Bi 
c,(0-100®) 

Wt. % Bi 

c,(0-100^) 


99 

97 

94 

90 

85 

0.126e 

0.1315 

0.1340 

0.1398 

0.1438 

60 

26 

16 

7 

3 

0.181? 

0.2088 

0.2221 

0.2236 

0.2266 


joule/g (3®) 
Joule/g (*») 


Ctt-Si 

Cu,Si, Mol. wt. -* 218.77; C«(17-100®) - 97.4 joule/mole. 

Cu-Sn 

Cu, 80%, bell bronze; cw,(16-98®) - 0.36 (*•); e,(18-100®) - 
0.2279 + 0.0016605 X % Cu, joule/g (from 10 to 90%) (•). 
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Cu-Zn, Brasses 

c.ClS-lOO'*) - 0.3863 + 0.0000232 X % Zn, joule/g (from 10 
to 90 %)(*). 

Cu, 60%; c.(-186 to -79®) - 0.311 (i» 2); (-187 to +19®), 
* 0.414 (3) « 0.339 (2); (20-100®), = 0.384 (37). 

Cu, 60%; with 1.2% Si +0.44% Pb; c,„(-79 to +18®) = 
0.460 ( 2 ). 

Ir-Pt 

c«(20-100®) - 0.1362 for 10% Ir ( 26 ). 

Mg-Ni 


<® 

C 


. -79to + 17 

17-100 

63.3 

74 4 


<® 

18-100 

18-300 

18-500 

100 

200 

300 

400 

500 1 

600 

C, 

74.4 

74.5 

81.9 

77.3 

81.2 

83.6 

86 . 6 ! 

87 . 81 

89.4 


(34) 


Mg-Si 

MgiSi, Mol. wt. == 76.70 


C 

^ p* . . 




-60, 


+60 

17-100 

(32): 

100 

300 

600 

1 41.4 

62.3 

60.8; 


70.2 

70.3 


72.2 

78.8 

• 

00 


(34) 


Mg-Sb 

MgjSb,, Mol. wt. = 316.5 


C 


-150 

-100 

-50 

0 

+50 

90.4 

105.6 

116.3 

123.4 

125.9 


(32) 


Mg-Zn 
MgZii], Mol. wt. 


= 146.08 


f® ! 

c, 

-160 

67.3 

-100 

63.9 

■9^ 

0 

72.7 

+ 50 
75.0 

17-100 

75.0 

(32) 

f® 

r, 

18-100 

75.0 

18-300 

78.4 

100 

76.6 

200 

80.0 

300 
83.9 i 

400 

94.1 

(34) 


Mn-Ni 


% Mn 

(31) = 

95 

90 

65 

f® 



-136 
0 387 

-39 

0.436 

+ 12 
0.446 

!-136 

0.386' 

-39 

0.436 

+ 12 
0.469 

-136, 

0.386 

-39 

0.448 

+ 12 
0.464 


m-Si 

NijSi. Mol. wt. = 145.44 






400 

500 

600 

80.4 

82.6 

84.4 


NiSi, Mol. wt. = 86.75 



300 

400 

600 

600 

. 62.1 

54.0 

55 8 

57 3 


(34) 


Ni-Te 
NiTc (36), Mol. wt. 


186.19 


I 




-182 to +16 

15-100 

16-180 

44,8 , 

65.7 

63.7 


16-385 

64.8 


c.(20-100®) 


Pb-Sb 

c. - 0..30. + <"»"■ - - “« 

Pb-Sn 

Pb, Wt. *63.7% 


96%) (15) joule/g. 



t 

Cm 


-178 to -79 
0.1607 (2) 


-79 to +18 
0.1628 (2) 


12-99 
0.1705 (28) 


Pb, 36%; c.,(0-26®) 


Pb-Tl 
0.1281 (31). 


S-Se 


%S (3) 

4 

9 

28.8 

90.35 ; 

90.36 

Cm(0-4l°) 

0.3742 

0.3906 

O. 47 O 0 

0.6831* 

0.7168t 


* S rhombic, f 8 monoclinic. 

S-Te 

c»(0-41®) - 0.3202 (for 80% S); = 0.2913 for 60% S (23). 

Sb-Zn 

SbZn (32), Mol. wt. = 187.16 


f® 

-150 

-100 

-50 ! 

0 

+50 

Cr- . 

40.74 1 

45. 9i 

49.69 

61.78 

62 49 


Sn-Te 

SnTe (36), Mol. wt. 


373.7 


f® 

-182 to +15 

15-100 

15-180 

16-327 



73.7. 

77.1 

76.5 

77.6 


Sn-Zn 

r„(16-100®) = 0.2294 + 0.001636 X % Zn (from 10 to 90%) 

(8). 

THREE- AND FOUR-COMPONENT ALLOYS 
Heussler alloy, Al, 9; Mii, 17; Cu, 74; Cm (0-46®) = 0.4432; 
= 0.4482 after tempering; for values up to 320®, v. (3») 

d’Arcet's alloys 


% Bi 

% Pb 

1 % bn 

1 

Cm 

Lit. 

49.2 

27.6 

21.2 

-68 to +20 

0.1456 

(35) 

49.2 

27.6 

21.2 

. 20 to 86 

0.2444 

(35) 

49 

32.5 

18.5 

1 

12 to 50 

0.2051 

(25) 

49 

32.5 

18 5 1 

14 to 80 

0.2511 

(25) 

49 

32.5 

1 

18.5 

107 to 136 

0.1967* 

(25) 

49 

32 5 

18.5 

136 to 300 

0.1506* 

(25) 

49.2 

32.4 

18.4 

6 to 65 

0.1567 

(19) 

49.2 

32.4 

18.4 

120 to 150 

0.1670* 

(19) 


%Bi 

48.9 
48.9 
48.9 
48.7 
48.4 
32 
32 

• Liquid. 


% Pb 

27.5 

27.5 

27.5 

24 

24 1 
31.8 
31.8 
31.8 


23.6 

-77 to +20 

0.1490 

23.6 

20 to 89 

0.2310 

23.6 

19 to 74 

0.2545 

27.6 

6 to 65 

0.1765 

27.5 

199 to 338 

0.1765* 

36.25 

18 to 52 

0.1770 

36.25 

11 to 98 

0.1873 

36.26 

143 to 330 

0-.1925* 


Lit. 

(35) 

(35) 

(27) 

( 19 ) 

(25) 

(27) 

(*^) 

(*^) 


Lipowitz alloy 

Bi, 50.7; Cd, 10.1; Pb, 25.0; Sn, 12.2; c„(5-60®) = 0.1444* 
(100-160°, liq.) = 0.1783 (18). 

Wood’s metal 

Bi, 52.43; Cd, 6.99; Pb, 25.9; Sn, 14.7; c„(5-50®) = 0.1473- 

(100-150®, liq.) = 0.1783 (18). 

Manganin 

Cu, 84; Ni, 4; Mn, 12; c,(0®) = 0.406; (18®) = 0.4073; (100®) 
= 0.4202 joule/g (H). > v / 

Phosphor bronze 

Cu, 88; Sn, 12; P, 0.94; c„(-188 to +18®) = 0.334fl (8)- (20- 
100®) = 0.3657 (37). ^ ^ 

LITERATURE 

(For n key to the periodicala see end of volume) 

O) Behn, 66: 237; 98. (*) Behn. S, 1: 257; 00. (>) Brown. 4Si.*:B9: 07. 

( ) Dewar, 6. 76: 325; 05 (») Dumas, 14 S, 17: 362, 453: 09 (•) Durrer 

Harter, S, 10 : 430, 05. (•) Herlevi and Leikola, ffo,’ 

64A: No. 25; 12. (•) HiU, 3 : 1 13; 01. 

(>0) Honda. 437, 1: 71; 22. (H) Joger and Dieeselhorst. 89. 8; 269- 00 

Laborde, 34. «»= 227; 96. S,. 6 : 547; 96. (!>) Levi, 4.4, 68 H: 47, 345; 09 

io '»*• ‘»= ‘93: >3. (..) Linnavuori, ,38. 1: No. Ul; 

22. (■•)Lougujnlne.t.MT:398;82. (”) Marttinen and TUhonen. /33, I ■ 
No. 11; 22. (>•) Matignon and Monnet, 54, 184: 542; 02. (»•) Maaaotto 

IT: 111; 81. ^ 
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HEAT CAPACITY OF SOLUTIONS 

B. L. Vanzetti 


Contents 
Two components. 
Aqueou.s systems. 
»-Table. 

C-Table. 

Non-aqueous systems. 
Three components. 


Mati^res 
Deux constituants. 
Systdmes aqueux. 
Table 
Table <Z. 

Syst^mes non aqueux. 
Trois constituants. 


The values recorded are the true heat capacity at constant 
pressure, c, (at or the mean heat capacity, Cm (over AO* The 
unit in all cases is absolute joules per g of solution per ®C. 

I abs. joule = 0.23895 calu = 0.23918 ca!,o = 0.0009482 BTUeo. 
(See further^ Vol. I, p. 24.) 

\Vhere equations are given, p == Wt. % of soluto. In general, 
values computed from these equations may be relied upon to 
ca. ±0.01 joule. 

TWO-COMPONENT SYSTEMS 
Aqueous Solutions 

!&-Table, Standard Arrangement {v. Vol. Ill, p. viii) 


H,0,, 20-60®C (54) 


% 

Cm 

30.59 

3.98 

34.25 

3.68 

60.48 

3.27 

71.54 

3.19 

74.64 

(3.28) 

HP, Room temp. 

(41, 

4*) 

% 

c 

5 

3.96 

10 

3.80 

15 

3.65 

20 

3.49 

25 

3.33 

30 

3.17 

36 

3.02 

HCl, e. 

p. 115 

HClO„ 18“C (*4) 

4 

4.00 

5 

3.96 

10 

3.74 

15 

3.62 

20 

3.26 

25 

3.00 

HCIO., 1.3°C 

(»• 

,45) 

2.5 

4.06 

6 

3.96 

10 

3.76 

15 

3.67 

20 

3.37 

45 

(2 . 24) 

47.6 

2.12 


HBr, 13-96°C, 
with 26%, = 

2.99 (5«); 10-20®c, 
with 4.3%, == 

3.948 (»0). 

m, 16-20‘*C, with 
6.7 %, c« « 3.865 
(»«). 

mo,, i8*’c (24) 


% 

8 

10 

15 

20 

26 

30 

35 

40 


c 

3.85 

3.77 

3.60 

3.42 

3.24 

(3.05) 

2.84 

2.69 


H2SO4, V. p. 116 
NH,, V. p. 115 
HNO„ 20°C (39, 

4S, 49, S7) 


% 

1 

2.6 

5 

10 

16 

20 

25 

30 

40 

46 

60 

60 

70 

80 


c 

4.13 

4.04 

3.92 

3.72 

3.66 
3.38 
3.22 
3.08 
2.80 
2.77 
2.74 

2.66 
2.55 
2.43 


HNO,.— (CorU’d> 


% 

90 

98 


c 

2.23 

1.99 


NH4NO,, 32"C 
(**); (39, 57, 

«3), c = 4.1787 - 
32.051 X 10-*p - 
128.944 X lO'V 
- 270.89 X lO-’p*, 
range, 5-70 %. 
NH4CI, 18°C (57); 

cf. (i«, 39, 63)^ c 

= 4.189 - 43.63 
X 10-»p + 429.9 X 
10'«p», range, 6-28%. 

NHjOH.HCI, 
18.7®C (»9) 


% 

7.2 

1.9 


c 

3.98 

4.086 


NH4Br,18'^C (13,80) 


2.6 

5 


10 

15 

20 

26 

28 


4.065 

3.95 

3.73 

3.60 

3.27 

3.04 

2.90 


NH4I. 18“C, c = 
3.9 with 3.5%; * 
4.03 with 4% (97). 

(NH4),S04, 18‘’C 
(39, S7)^ c =* 4.1606 

- 42.58 X 10-*p 
+ 296 X 10-*p*, 
range, 3.5 “33%. 


I NHALTSVERZEICHNIB 

Zwei Komponenten. 
W&sserige Systeme. 
»-Tafel. 

C-Tafel. 

Nichtw&sserige Systeme, 
Drei Komponenten. 


Paoi 


Indict 
Due component!. 

Sistemi acquoeL 

Tabella 122 

Tabella (C 124 

Sistemi non acquosi 125 

Tre componenti 129 


(NH,0H),.H,S04, 
18.6**C (i«) 

% c 

16.4 3.97 

4.36 4.088 

H,P04, O-IS^C, 
with 19.04%, c» = 
3.79 (1). 

For C-Oompounds, 
V, p. 124 

ZrO,,* 3-80‘'C (33) 

Cm 

0.56 
0.60 
0.70 
0.92 
1.248 
1.675 
1.81 
2.665 

3.37 

t Ignited. 


%H,0 

Of 

0.0075 
8.26 

17.3 

24.3 
33.0 
38.2 
66.9 
71.7 

* CoUoidAl. 


Pb(NO,)„ 18"C 

(8, 24, 39, 37)^ c - 

4.166 - 40,9 X 
10-«p + 66.1 X 
10"»p*, range 3-48 %. 

Pb(CsH|Oi)x, 
Acetate, 18-61®C 

(39, 89) 


% 

10 

15 

20 

26 

30 

36 

40 


Cm 

3.86 

3.695 

3.63 

3.37 

3.2 

3.06 

2.91 


ThCl4, 18*^0 (* 9 ) 
% c 

6 3.93 

10 3.68 

16 3.43 

20 3.19 

25 2.93 

27.2 2.87 


InBr., 18®C (» 4 ) 


% 

6 

10 

16 

20 

26 

30 

32 


e 

3.97 

3.76 

3.54 

3.32 

3.10 

2.87 

2.78 


TIP, IS^C (*4) 


6 

10 

16 

20 

26 

30 


3.94 

3.73 

3.60 

3.28 

3.07 

2.87 


ZnClt, 0-60®C (7» 
»»), c, - 4.186 - 
37.61 X 10“*p + 
29.04 X 10-«p*, 
range, 0-66%. 

ZnS04, 19*C (*»), 
c - 4.186 - 61.626 
X 10-»p + 323.6 X 
range, 2.6- 

36%, 

Zn(NO,),, 20- 

60«C («), c - 

4.186 - 47.09 X 
10-«p + 266.6* X 
10^*, range, 6- 
60%. 

Zn(CiHiOs)t, Ace- 
tate 19-51*C (»•) 


% 

6 

10 

16 

20 

26 


Cm 

4.07 

3.976 

3.87 

3.76 

3.64 


Cdlx, 19*C (*»), 
e « 4.1816-35.62 X 
10-*p - 177.6 X 
KTV* + 2344 X 
lO^p*, range, 8 
-46%. 


CdS04, 19'’C (*•» 
»*), c - 4.167 - 
47.49 X 10-*p + 
164.3 X 10-«p>, 
range, 2-46%. 

Hga„ 0-98“C (») 


% 

Cm 

1 

4.14 

2 

4.06 

3 

3.97 

18®C (*«) 

% 

e 

2 

4.12 

4 

4.06 

6 

3.99 

CuCli, 

19-61*C 

(»•) 

% 

Cm 

3.6 

4.00 

6 

3.94 

10 

3.73 

16 

3.64 

20 

3.37 

26 

3.20 

30 

3.03 

36 

2.87 

40 

2.70 

42.5 

2.62 

CUSO4, 18*C (»•» 

41, 67, 60) 

% 

c 

2 

4.09 

6 

3.96 

10 

3.73 

16 

3.60 

17 

(3.41) 


Cii(HO.)ft IS-60'’C 
(**) 

% I «- 


5 

3.96 

10 

3.74 

16 

3.64 

17.6 

3.44 

A(NO„ 2fi-62°C 

(*•) 

8.5 

3.83 

10 

3.77 

15 

3.69 
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AgNOt.- 

% 

20 

25 

27.5 


iCorU^d) 

Cm 

3.41 

3.22 

3.13 


BftziCli, 20-50^( 

(T, »•) 

3.5 3.98 

5 3.91 

10 3.70 

15 3.52 

20 3.34 

30 3.03 

40 2.76 

50 2.51 

MnS04, 20-50** 

(39) 


4 

3.99 

5 

3.94 

10 

3.71 

16 

3.62 

Mn(KO,)„ 

20-50‘*C (39) 

5 

3.94 

10 

3.73 

15 

3.62 

Mn(C2HiOs)i, 


Acetate^ 19-62°C 

(39) 


5 

10 

15 


4.03 

3.896 

3.76e 


FeCl„ 0-98**C (7), 
« 4,274 - 54.72 
X lO-^p + 461.6 X 
10"*p*, range, 20- 
44%. 

Peso*, 25-46*’C 
0); cf. (»^) 


% 

1 

2 
5 
10 

15 

20 

25 

30 

35 


Cm 

4.09s 

4.00 

3.829 

3.63a 

3.474 

3.33s 

3.20 

3.066 

2.95 


CoCl„ 16-49’C 

(se) 


8.9 

16.4 


3.62 

3.21 


18-90 


8.9 

16.4 


3.75 

3.294 


24-55 


5 

10 

15 

20 


3.87 

3.61 

3.38 

3.17 


Ni(NO,)„ 24-65°C 

(«) 


% 

5 

10 

16 

20 

26 

28.9 


Cm 

3.93 

3.71 

3.52 

3.33 

3.15 

3.00 


Ni(CsHiO,)t, Ace- 
tate. 26-56°C (3») 


4.03 
3.907 
3.78 
15‘*C (»i 

= 4.185 ~ 


5 
10 
15 

CrOj, 

39), c 

0.4612p 4- 0.0002p*, 
range, 0-62 %. 

(NHOiCrO*, 21- 

53°C (3»), c., = 

4.174 - 35.12 X 
10-*p 4- 67.1 X 

10”®p*i range, 4- 
25%. 

A1CI„ 18°C (3^), 
c = 4.165 - 69.61 
X 10-*p 4- 321.9 X 
10“*p*, range, 2- 
16%. 

A1,(S04)m 21- 

53**C (»»), c« = 

4.187 - 38.13 X 
10-»p 4- 241.3 X 
10"*p*, range 3- 
20 %. 

Al(NO,)„ 18°C 
(24), c - 4.181 - 
52.71 X 10-»p 4- 
274 X 10”*p*, range, 
3.5-25 %. 

AlNH.CSOOi, 20*’C 
(3), c - 4.156 

- 38.21 X 10-»p 4- 
118 X 10“*p*, range, 
6-37.5 %. 

La(NO,)„ 18‘*C 


% 

5 

10 

16 

20 

25 

30 


e 

3.94 

3.71 

3.49 

3.26 

3.04 

2.81 


Sa(KO,)„ 18°C 


6 

10 

15 

20 

25 


3.96 

3.76 

3.55 

3.36 

3.15 


BeCh, 18®C (24) 


NiS04,26-66**C (»®) 

2 

4.06 

5 

3.94 

6 

3.88 

10 

3.72 

10 

3.63 

15 

3.49 

14 

3.33 


BeSO*. 21-52**C 

(39) 

% 

2.6 4.07 

6 3.98 

10 3.79 

15 3.61 

20 3.44 

Be(NOi^„ 18*C 

(»♦) 

% 

3 
6 
10 
15 
20 

MgCl,. 


c 

4.03 

3.94 

3.71 

3.48 

3.26 

20-52®C 


(39);c/. (20) {v. Fig. 
1 and Vol. II, p. 
328), c,. = 4.185 - 
65.7 X lO-’p 4- 565 
X 10“®p*, range, 5- 
26%. 

MgBr„ 18"C (24) 


% 

2.5 

6 

10 

15 

17.5 


c 

3.96 
3.74 
3.33 

2.96 
2.78 


MgSQ4, 18"C (». 

36, 42, 57) 


3 

6 

10 

16 

20 


3.99 

3.90 

3.67 

3.46 

3.28 


Supersaturated 

solutions 


25 
30 
35 
37.6 

Mg(NO,), 
62‘*C (39), 


3.11 

2.94 

2.75 

2.65 

21 - 
Cm = 


4.173 - 46.29 X 
10-*p 4- 237.8 X 
10”*p*, range, 5- 
35%. 

Mg(C2H|03)x, 

Acetate, 21-62°C 

(39) 


% 

Cm 

5 

4.03 

10 

3.89 

14 

3.78 

CaClt, 

18°C, 


= 16.401 - 17.016d 
4- 6.608d* between 
dj* = 1.09 and 1.41 

(»®); (»U c» 

= 17.297 - 19.92d 
4- 6.696d* - 

0.00263 (20** - 0, 

for dj® == 1.175 to 
1.250 and for any 


CaClj.~(Con/’d) 
value of I between 
-26 and 20°C (*>)- 
See further Fig. 2 
and also Vol. 11, p. 
328. 

CaSsOi, Room 
temp. (4), c = 4.1 J7 
- 44.9 X 10->p, 
range, 3-25 %. 

Ca(NOi),, 21- 
51°C (39), 

= 4.163 - 42.61 

X lU'V 4- 213.8 
X 10"®p*» range, 5- 
47.5%. 

Ca(C2H302)2, 

Acetate, 20-52 ’C 

( 39 ) 


SrCI,, 19-51°C (39) 


% 

4 

5 
10 
15 


Cm 

3.95 

3.90 

3.65 

3.42 


% 

5 

10 

15 


4.02 
3.875 
3 . 74 


Sr(NO,)a, 10-5rC 

( 39 ) 

3.96 


5 

10 

15 

20 


3.75 

3.56 

3,38 


SrfCaHjOs)^ 
Acetate, 20-52°O 

( 39 ) 


5 

10 

15 

18. G 


3 . 9 O 0 

3 83 
3.67 
3. 56 



MgCL 



CaCli 


BaCl„ 18®C (7»1«. 

39, 57), c = 4.223 

- 68.38 X 10-»p 
4- 318 X 10-®p*, 
range, 4-26 %. 
Ba(NO,)„ IS'^C 

(39, 57), c = 3.90 

with 6.8%. 


Ba(CiHs02)s, 
Acetate, 19-62°C 

(39) 


% 

6 

10 

15 

20 


Cm 

3.955 

3.81 

3.65 

3.49 


LiOH, 20**C 


% 

c 

0 5 

4 17 

I.O 

4 12 

2.5 

4 06 

5.0 

3 99 

LiCl, 18'*C 1^24. 

32, 45, 49) 

0.5 

4 15 

2.5 

4 04 

5 0 

! 3 . 92 

10 

! 3 OH 

15 

(3.48) 

20 

30) 

25 

(3.13) 

30 

1 2.98 

35 

2.8;i 

i 

2.69 

! LiClO,, 

18®C ( 24 ) 

5.0 

3 98 

10 

3.78 

15 

3.58 

20 

3.36 

1 25 

1 

3.14 

LiBr, 18°C (2^) 

5.0 

3.94 


3.71 

15 

3.47 

20 

3.22 

25 

2.97 

4 

La, 18°C (2^) 

5.0 

3.96 

10 

3.73 

15 

3.49 

20 

3.26 

25 

3.02 

30 

2.77 

LUO,, 18^C (3®) 

8.0 

3.85 

10 

3.78 

15 

3.69 

20 

3.41 

26 

3.22 

30 

3.04 

36 

2.86 

LiNO„ 20**C (49) 

1.0 

4.15 

6.0 

4.01 

10 

3.82 

13 

3.70 

NaOH, V. p. 116 

NaCl, V. 

p. 116 

NaBr, 18°C (*«• 

24, 39), c 4.165 - 

46.34 X 

lO-’p + 

136.9 X 

10-«p*, 

range, 5-35 %. 

Hal, 18®C (*«t 24, 

39, 57), c = 

= 4.180 - 

47.66 X 

10->p -f- 

126.3 X 

io-®p», 


range, 4-40%. 
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NajSOi, Id^C (3®i 
c = 4.167 - 
47.36 X 10-^p + 
675 X range, 

3-24 S. 

NdHS04,21'’C (39) 

% I c 


3 

5 

10 

15 

20 


c 

4.08 

4.01 

3.88 

3.75 

3.65 


NaNO,, 20^C (39, 
47, 49, 57)^C - 4.176 
- 37.42 X 40-*p + 
216.6 X 10-«p*, 
range, 1-39%. 


NaPO,, 24-66°C 

(39) 

% C,, 

3 4.07 

6 4.00 

10 3.83 

16 

18.5 


3.67 

3.56 


NaHiPO*, 24-56°C 

(39) 

3 4.07 

6 4 00 

10 3.86 

16 3.70 

20 3.66 

NaiHP04, 24r-66‘’C 

(39) 

3.8 4.02 

7.3 3.91 

RatPtOr, 24-66®C 

(39) 

3.6 4.04 

6.8 3.92 

NaHsAs04, 26- 

6ro (39) 


5 

10 

16 

18.5 


3.99 

3.82 

3.66 

3.50 

3.35 


RasHAsOi, 26- 

se^c (»•) . 

6 3.97 

10 3.79 

15 3.64 

17.6 3.67 

Ka,CO^ 20®C (*». 

57) 


% 

2.6 

6 

10 

16 

ao 


e 

4.05 

3.94 

3.77 

3.66 

3.69 


Na,Cr04, 21-62^0 
(39), = 4.169 - 

43.13 X 10-»p + 

363.6 X 10-V» 
range, 6-25 %. 

NaHCOi, Formate, 
16"C (i«) 

% c 

3.6 4.04 

7.8 3.90 

13.1 3.73 

NaC^HsO}, Ace- 
tate, 18-20'’C (»t 

39, 57) 

% I c,« 


2 

6 

10 

16 

20 

26 

30 


Cl 

4.12 

4.02 

3.88 

3.76 

3.66 

3.64 

3.44 


KOH, t'. p. 115 

KF, 18°C (24)^ 
c = 4.176 - 54.7 X 
10-*p + 380.9 X 
10"V» range, 4-20%. 

KCl, V. p. 115 

KCIO,, 20°C (»), 
c = 4.170 - 66.33 
X 10~*p -f- 396 X 
lO'Vf range, 6- 
25%. 

KBr, 18®C (*«. 

39, 57)^C = 4,177 - 
47.81 X 10-»p, 
range, 3-30 %. 

KI, 18°C (i«i 39, 

55, S7) 


% 

4 

6 

10 

20 

30 

40 

60 

60 


I 

4.00 
3.96 
3.71 
3.23 
2.76 
(2 . 32) 
(1-9) 
(1.6) 


K>S04, ca. 18°C 

(39, 55, 57) 

4 4.02 

5 3.92 

6 3.86 

8 3.77 

KNO,, 20°C (39, 

47, 49, 57, 53)^ c =• 

4.172 - 44.3 X 
10-*p -t- 421.2 X 
10"S»*» range, 2.6- 
20 %. 

KtCOi, 21^2*C 
(>•), c = 4.179 - 
49.23 X 10-^ -I- 
331.2 X 10^, 
range, 6-46 %. 


K>Ci04, 21-62'^C 

(39) 

% C,» 

6 3.96 

10 3.73 

15 3.53 

EC}HiO,, Acetate, 
20-5rC (39) 


6 

10 

16 

20 

26 

30 

35 

40 

46 

60 


4.006 

3.83 

3.6S 

3.64 

3.40 

3.26 

3.13 

3.0 

2.86 

2.73 


K,Cr04, IS^’C (»«» 
39), c = 4.172 - 
60.52 X 10“>p 4- 
234.7 X 10-«p*, 
range, 6-30%. 

KAICSO*),, 20°C 
(9), c = 4.205 - 
41.42 X 10-»p 4- 
254.4 X 10-*p*, 
range, 6-40 %, 

KNa(NO,), (47), 
c = 4.01 with 4.7%; 
= 3.69 with 16.7%. 

RbCl (49) 

RbBr, 18®C (34) 

% I- c 


7.6 

10 

16 

20 

25 


c 

3 82 
3.70 
3.46 
3.19 
2.93 


RbNOt (49) 

CaCl, 20®C (49) 
2 4.08 

6 3.94 

10 3.70 

16 3.47 

CaBr, 18®C (»4) 


8 

10 

16 

20 

25 

30 

36 

40 


3.71 

3.61 

3.31 

3.00 

2.68 

2.40 

2.16 

1.94 


<C-Table, (C-Arrangement (r. VoL in, p. vni) 
Ma/Mb = Moles HfO per Mole Solutf; 


CHiOs, Formic acid, 
16-50°C (»«• 33) 
Ma/Mb I c. 


200 

100 

60 

40 

30 

20 

16 

10 

8 

6 

6 

4 ■ 
3 
2 

1.6 

1.0 

0.6 

0 


Cm 

4.15 

4.12 

4.06 

4.02 
3.97 

3.90 
3.84 
3.73 
3.66 
3.64 
3.46 
3.38 
3.28 

3.02 
2.94 

2.91 
2.80 
2.24 


CsHi 04 , Oxalic 
acid, 20-^2^C (3») 
Ma/Mb I c« 


200 

100 

60 


Cm 

4.11 

4.03 

3.94 


CsHiCltROt, Am- 
monium trichloro- 
acetate, 12°C (i«) 


% 

c 

4.9 

4.09 

9.3 

4.04 

CsH4ClilTOt^ 


Hydroxy la mine 
trichloroacetate, 
19®C(>») 


5.18 

9.86 


4.08 

3.09 


CH4N,0. Urea, 
16-20^*0 (*»f 3*1 34, 
36) 

% I C, 


1 

2.5 
6 

7.6 
10 
12 


Cm 

4.16 

4.11 

4.06 

3.98 

3.90 

3.86 


CH4O, Methyl alco- 
hol, iJ. p. 116 

CHiROf, Ammo- 
nium formate, 8.6®C 
(»») 

% I c 


CxH40t, Acetic 
acid, V. p. 116 

CsHiNO, Acet- 
amide, ca. 20®C 

(34) 

1.6 4.165 

3.2 4.13 

CfH«0, Ethyl alco- 
hol, V. p. 116 

C»HiOt, Glycol, 
20‘‘C (33) 

% I C 


1.7 
3. *4 
6.6 


e 

4.12 

4.06 

3.96 


10 

20 

30 

40 

60 

60 

70 

80 

90 

100 


c 

4.16 

3.96 

3.76 

3.58 

3.38 

3.186 

3.01 

2.82 

2.63 

2.366 


CiHCljOs, Trichlor- 
oacetic acid, 14®C 

(‘«) 


CiHrNOt, Ammo- 
nium acetate, 17.6*'C 

(>•) 


200 

4.09 

2.1 4.13 

100 

4.00 

4.1 4.08 

60 

3.84 

7.9 3.98 



14.6 3.81 


CsNOi, 20®C (49) 
2.6 4.07 

5 3.96 

10 3.74 

16 3.64 


oaoetic acid, 18^0 

(»•) 

Ma/Mb c 
200 4.12 

100 4.06 

C AClOi, Chloro- 
aoetic acid, 18°C 

‘ (»•) 


CsH«0, Acetone, 
ca. 17®C (»*) 


4.07 

200 4.16 

3.96 

100 4.10 

3.74 

50 4.01 

3.64 

26 3.86 


0 

10 

20 

30 

40 

60 

60 

70 

'80 

90 

100 


4.18t 
1.16 
4.08 
3.98 
3.87 
3.75 
3.56 
3 . 3$ 

3.O1 

2.06 

2.196 


CsHiOt, Propionic 
add, 22-n60“C 

( 18 , 38 ) 

'Ma/Mb I Cm 
100 4.16 

60 4.12 

40 4.11 

30 4.09 

20 4.03 

16 4.01 

10 3.88 

8 3.76 

6 3.63 

6 3.66 

4 3.43 

3 3.26 

2 3.03 

1.6 2.91 

1,0 2.82 

0.5 2.48 

0 I 2.19 

Lactic add, 


add, 


CO. 16^0 {*•) 


Ma/Mb 

e 

200 

4.14 

100 

4.11 

60 

4‘.06 

26 

3.96 

CtH$0, Propyl 


alcohol, 9. p. 116 

CiH«0», Glycerol, 
CO. 20®C; <i. p. 116 

(39, 34, 36, 36) 

% C 

1 4.166 

6 4.097 

10 4.01 

CAOc, Tartaric 
add, 18^0 (•U 
Ma/Mb I ^ 


200 

100 

60 

25 

10 


c 

4.08 

3.98 

3.81 

3.68 

3.12 


CJBUOi, n-Butyrio 
add, 23-60“C (•») 

Ma/Mb I 4. 


60 

40 

30 

20 

16 

10 

8 

6 

6 

4 

8 

2 

1.6 


4.17 

4.06 
4.00 
3.92 
3.81 
3.64 
3.64 
3.41 
3.32 
3.21 

3.06 
2.86 
2.79 


HEAT CAPACITY— NON-AQUEOUS SOLUTIONS 


125 


C4H,Oi*'~ 

-{Canted) 

Ma/Mb 

Cm 

1.0 

2.66 

0.6 

2.42 

0 

2.11 


CJSitOy Isobutyl 

idcohol, 2d-29®C, Cm 
- 4.65 with 7.6%; 
25-28*C, Cm =* 4.47 
wUh 5.6 %(♦<). 

CiHitCIH, Tetra- 
methyiammonium 
chloride, 19'’C, c = 
4.07 with 2.94 % 

C|HcO, Phenol, 
18-98®C (*»); Cm - 
4.153 with 2.54%; 
for data at 70-74°C, 

V. (»«•*). 


C«H«Os, Hydro- 


quinol, ca. 

, 20°C (36) 

% 

c 

1.6 

4.158 

2.0 

4.16 

CeHfOi, 

Pyrocat- 

echol, ca. 

20°C (36) 

1.6 

4.165 

2.0 

4.16 

CeHfOi, 

Resor- 

cinol, ca. 

20^C (36) 

1.6 

4.168 

2.0 

4.16 


C«HtN, Aniline, v. 

p. 116 

CfHaOTt Citric acid, 

18**C (»») 


Ma/Ms 

c 

200 

4.03 

100 

3.90 

60 

3.72 

26 

3.45 

16 

3.19 

10 

2.98 


CeHiiCl}HOt| Tet- 

ramethylammo- 
nium trichloro- 
acetate, 19*C, c = 
4.06e with 6.17% 

0»). 


CsHiaOey 

Dextrose 

CO. 20^C (34, 37, 58) 

% 

c 

6 

4.04 

10 

3.93 

15 

3.81 

20 

3.70 

26 

3.60 

30 

3.49 

36 

3.37 

40 

3.27 

45 

3.18 

60 

3.10 

66 

3.03 

CtHiiO,, 

, Lcvulose 

ca. 20**C 

: (38, 36) 

4.8 

4.09 

3.2 

4.12 

2.4 

4.135 


CeHuO*, Dolcitol, 
ca. 20*^0 (»»), c = 
4.136 with 2.5% 
= 4.147, with 2%, 
C»Ht40st Mannitol, 
^ca. 20'’C (»B) 



c 


1 

5 

10 


4.17 

4.104 

4.08 


C$Ht4H404S| Tet- 
ramethyl ammo- 
nium sulfate, 18®C, 
c = 4.08 with 6.36 % 
(»»). 


CijHiaOii, Lac- 
tose, ca. 20°C, c 
= 3.976 with 8.7 %; 
= 4.04 with 6.96% 


(”). 

CijHtiOii, Mal- 


tose, ca, 20°C, c = 
4.04 with 6.96 %; = 
4.074 with 4.54 % 


(3«). 

CiiHstOn» Su- 
crose, ca. 20°C (2®» 

34, 36, 5S)j cf. (23) 


% 

; c 

6 

, 4.04 

10 

3.89 

15 

3.77 

20 

3.64 

30 

3 . 39 

40 

3.14 

60 

2.94 

60 

2.83 


Ct4HioO», Digal- 


Uc acid, ca. 18°C, 
c = 4.10 with 4.28 % 
(*»). 


Non-Aqueous Solutions 
1. One Component an Inorganic Compound 


H,S04 
B = HNO, 
20‘’C (4») 


% B 

e 

0 

1.403 

6 

1.42a 

10 

1.440 

20 

1.490 

26 

1.516 

30 

1.648 

40 

1 .6908 

60 

1.633 

60 

1.683 

70 

1.747 

75 

1.775 

80 

1.816 

90 

1.903 

96 

1.938 

100 

1.988 


CSt 


ca. 20‘’C (38) 

B = Br 

%B 

c 

61 

0.73o 

B 

- I 

14.3 

0.916 

7.72 

0 . 964 

B 

= S 

29.6 

0.968 

17.4 

0.97i 

9.58 

0.97i 

4.05 

0 

0.984 

B 

= P 

62 

0.916 

45 

0.929 

29 

0.943 

16.9 

0.958 

9.27 

0.960 


CsEIeO 
Ethyl alcohol, 
99.3% 

d\* = 0.797; Cm - 
2.868; 0-98°C (7) 

B = FeCl. 


% B 

c 

6 

2.72 

7.6 

2.67 

10 

2.624 

16 

2.64 

20 

2.46 

25 

2.36 

30 

2.26 

32.1 

2.226 

B = 

HgCl, 

3 

2.765 

6 

2.716 

7.6 

2.66 

10 

2.606 


B = HgCla.— ! 

B = 

ZnCl, 

CiHJf 

{Co 
% B 

rU^d) 

c 

% B 

c 

Pyridine, 

22'^C (80) 

16 

2.51 

8.6 

2.684 

B » AgNO, 

18 

2.45 

10 

2.654 1 

% B , 

c 

B = 

MnCl, 

15 

2.44 

1.06 

I.6O0 

5 

2.76 

20 

2.325 

B - AgCNS 

7.6 

2.73 

26 

2.19 

1.03 

1 1.593 

10 

2.70 

30 

2.06 

B = 

HgCL 

16 

2.65 

35 

1 1.94 

1.68 

1 1.637 

20 

2.60 

40 

1.855 

B = 

1 

1 

Hgl, 

26 

2.65 

45 

1.75 

2.79 

1 1.583 


2. Both Components Organic Compounds -Table. — 

ecu 

B = CHCl, («2) 


Mb 

Ma 

20°C 

30°C ; 

40°C i 

50°C 

1.00 

0.00 

1 

c 

0.9675 

0.981 

0.997 

1.017 

0.75 

0.25 

c 

0.920 

1 

0.932 

0.947 

0.9655 

0.50 

0.50 

c 

0.886 

0.8955 

0.908 1 

0.9235 

0.25 

0.75 

c 

0.8535 

0.860 

0.868 

1 

0.8795 

0.00 

1.00 

c 

0.833 

0.8494 

i 0.8535 

0.860 


B = C4H4 (62) 


Mb 

Ma 

1 

20°C : 

30°C 

40°C 

1 SO^’C 

60°C 

1.00 

0.00 

c 

1.7073 

1.737 

1.763 

1.8165 

1.904 

0.75 

0.25 

c 

1.3875 

1.400 

1.421 

1.456 

1.551 

0.60 

0.50 

c 

1.138 

1.1585 

1.179 , 

1.203 

1.239 

0.25 

0.75 

c 

0.962 

0.971 

1 

0.9836 

1.004 

1.038 

0.00 

1.00 

c 

0.833 

0.8495i 

0.8535 

0.860 

0.889 


% A 

(52) 

20°C 

35°C 

50°C 

% A 

(52) 

20**C 

35°C 

SO'^C 

0 

1.7655 

1.986 

2.2055 

i 60 

I.OO 4 

1.197 

1.398 

10 

1.63o 

1.851 

2.065 

' 70 

0.927 

I.IO 2 

1.27o 

20 

1.493 

1.716 

1.925 

80 

O.SSs 

l.Olo 

1.147 

30 

1.358 

1.580 

1.786 

90 

0.816 

0.93o 

1.034 

40 

1.222 

1.429 

1.654 

100 

0.807 

0.878 

0.939 

60 

l.lOo 

1.305 

1.527 





B = CeHiN, Aniline, 25“C (21) 

% B.. 

1 

0 

10 

20 

30 

40 

60 

c 1 

0.864 

0.99 

1.12 

1.245 

1 365 

1.48 


% B. .. 


1 

60 

70 

80 

90 

100 

c 

1.60 

1.72 

1.82 

1.93 

2.026 



B - CHCl, ( 62 ) 


% A -30°C| -lO^Cl -|-20^C|| % A | -30*^0 -10®C H-20“C 


0 

0.9590 

0.9698 

10 

0.942 

0.956 

20 

0.926 

0.941 

30 

0.91i 

0.935 

40 

O. 9 O 0 

‘0.928 

60 

0.89i 

0.922 


B = CH4O, 


0.9786 

0.973 

0.97i 

0.96s 5 

0.968 

0.967 


60 

70 

80 

90 

100 


0.887 

0,886 

0.898 

0.918 

0.9728 


0.918 
0.921 
0.927 
0.95o 
0 . 986o 


0.9685 

0.97i 

0.977 

0.988 

1.006() 


CH4O, Methyl alcohol, v. p. 116 



I 

t 






<7 A 

/O A 


0 

10 

20 

30 

40 

50 


B == CioHg, Naphthalene, at ca. 18°C, c = 1.08 


CHCI3 

B = CiHgO, Acetone (®2) 


1.084 with 14.2% B (*7) 


% B 



1.00 

0.75 

0.50 

0.25 

0.00 


Mb 


0.00 

0.25 

0.50 

0.75 

1.00 



C»HgO, n-Propyl alcohol (30); p, gfe p p. ne 
i Mb I Range, ”C 


.75 I 66-17 2.674 

6 66-18 2.63a 

• 25 I 64^16 I 2.62g 

B >= C*HtN, Aniline, 25‘*C (*») 


20 I 30 I 40 I I 
2.53 1 2.52 I 2.61 


20°C 


0.967? 

1.172 

1.356 

1.6856 

2.166 


-lO^C 


2.49 


0 

10 

20 

30 

40 

60 

60 

70 

80 

90 

100 



1.65i 

1.8U 

1.876 

1.87 
1.82 
1.80 
1.82 

1.88 
1.9878 


1.506 

1.674 * 

1.78i 

1.848 

1.896 

1.942 

1.99a 

2.042 

2.089? 


30°C 

40^*0 

0.980? 

0.9969 

1.183 

1.197 

1.377 

1.404 

1.701 

1.745 

2.232 

2.369 

+20'’C 

35°C 

0.9786 

0.9850 

1.19i 

1.144 

1.392 

I.3I4 

1.572 

1.48o 

1.72? 

1.625 

1.833 

1.743 

1.925 

1.850 

2.009 

1.965 

2.084 

2.06? 

2.14? 

2.155 

2.1913 

2.2265 


60 


2.46 


% B 


60 




70 


2.37 


80 


2.28 


2.14 I 2.020 


Mb/M 


C,Cl6 

B => CyHs, Toluene 


10 I 16 
1.52 I 1.58 I 1.63 


C2£[4Cl2 

Ethylene chloride 
B « C«Hs, Benzene (**) 


20 


1.60 


40 


1.7i 



% A 

20®C 

0 

Q 

CO 

1 

60® 

0 

10 

mm 

1 

1 

.980 

.92 

2.206 
2 ll9 

20 

1.66? 

1 

.86 

2.031 

30 

I.6I4 

1 

.7? 

1.940 

40 

1.56i 

1 

.7i 

1.849 

60 

1.508 

1 

.630 

1.76o 


% A 


60 

70 

80 

90 

100 


20‘^C 


1.45? 

1.40& 

1.36? 

1.30? 

1.268 


35®C I 60 


1.664 I 1.671 



1.405 

1.426 

1.360 

1.287 


1.680 

1.494 

I.4O0 

I.3I0 


%• 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


% A 


0 

10 

20 

30 

40 

60 


-50®C 


1.965 

2.138 

2.296 

2.4I1 

2.475 
I 2.492 
2.415 
2.23i 
1 .942 
1.49o 
0.9475 


B 


20‘’C 


1.659 I 1.765 


-30^C 


2.06? 

2.239 

2.334 

2.379 

2.374 

2.32o 

2.22i 

2.055 

1.78? 

1.404 

0.961 


- 10*^0 


2.1413 

2.178 

2.206 

2.2I4 

2.195 
2.138 
2.032 
1.873 
1.628 
1.320 
0 969? 


0‘»C 


2.1796 

2.18 

2 . 1 ? 

2 I60 
2.099 
2.034 
1.925 
1.760 
1.550 

1.28i 

0.973 


+20“C 


2.2638 

2.176 

2.094 

2.OI0 

1.919 

1.822 

1.705 

1.551 

1.373 

1.178 

0.9785 


Ma 


0.6 


0.49 





CsElfOt 

Acetic acid 

I *» C«H«Ot, Lactic acid (s®) 


Mb 


65-14 


■C^aOi, laobutyric acid (®®) 


0-61 I 65-18 

Glycerol, co. 20^C (3<) 


5.3 


2.49? 


Cm 


2.24s 


2.043 


1.4 


2.50 



1.62? 

1.488 

1.443 

1.392 

1.330 


1.704 

1.642 

1.678 

1.6U 

1.44? 





1.654 

1.42o 

1.278 

1.130 

0.994 


CtHeO 

Ethyl alcohol 

B •* C|H|0, f^-P^opyl alcohol 
A — 99.6%; equimolal mixture (*•); v, also p. 116 


K. - . I 80 I 90 I 96 I 98 | 110 | 200 | 260 | 270 


0.9861 1.09 1 1.26 1.66 2.00|1.88 2.1612. 


B « CiH«, Benzene, 16^C (•!) 



Range, ®C 


66-18 


20 


2.36 


2.108 


% B I 0 10 I 20 


c I 2.424 I 2.392 


% B 60 I 70 


c I 2.175 


- C«H«Oi; A - 90% 


B 


Hydroquinol 

Pyrocatechol 

Resorcinol 


B «- CftH7N, Aniline, 


30 


2.32 


80 


2 . 






40 I 60 


2 . 


2 . 


90 I 100 


1.9i I 1.70 



(»») 


0.8 %B I 


2.13 

2.19 

2.22 


p. 116 


.6%B 


2.18 

2.16 

2.10 
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Acetone 

Ma 


Mb 

Range, ®C 


B = C 4 H 10 O, Ethyl ether (**) 

0.49 

1 

1 

0.61 

65-17 

2.16 

1 


% A 

-40°C 

-20°C 

0°C 

+20°C 

0 

2.0116 

2.1044 

2-1797 


10 

1.946 

2.042 

2.139 

2.228 

20 

1.87® 

1.986 

2.09» 

2.204 

30 

I. 8 I 9 

1.933 

2.05 

2 .I 80 

40 

1.766 

1.883 

2.01 

2.156 

60 

1.728 

1.846 

1.977 

2.138 

60 


1.826 

1.956 

2.126 

70 


1.823 

1,946 

2.U9 

80 

1.735 

1.846 

1.961 

2 12i 

90 

1.82i 

1.917 

2.03 

2.14 

100 

1.988 

2.0560 

2.123 

2.1912 



B - 

CeHftClO, o-Chlorophenol, 0—20' 

>C (*) 


% B. . . 


0 

10 

20 

30 1 

40 i 

60 

Cm 




1.978 1 

1.938 

1.892 

1.856 

% B... 

- 


i 60 

1 70 i 

1 80 

90 

1 100 

Cm .... 



1.828 

1 1.798 

1.765 

1.72 

1.678 



B 

- C^e, 

Benzene 

(52) 



% A 1 

10°C 

1 30*C 

1 60'»C 

II % A 

10°C : 

30°C 

50°C 


0 

1.619 

1.9120 

2.2055 

60 

1.833 

2.013 

2.184 

10 

1.645 

1.917 

2.197 

70 

1.884 

2.045 

2.194 

20 

1.674 

1.928 

2.187 

80 

1.952 

2.087 

2.203 

30 


1.94i 

2 .I 80 

90 

2.044 

2.143 

2.224 

40 

50 

1.742 

1.786 

1.96o 

1.984 

2.176 

2.17? 

100 

2.157 

2.216 

2.266 


CjHeO] 

Metnyl acetate 

B = CtHgO], Ethyl acetate (30) 

Ma 

Mb 

Range, °C i 

Cfn 

0.5 

0.5 1 

55-16 t 

1.833 


CgHgO 



n-Propyl alcohol 



B - CeH,N. 

Aniline (3®) 


0.8 1 

o.i 

65-23 

2.77i 

0.35 

0 65 

65-22 

2.478 

B 

« C^itOt, Isoamyl formate (3®) 

0.742 

0.258 

65-19 

1.946 

0.3 

0.7 

65-18 

1 976 


Mb/Ma. 
c^, 14-16‘*C 


CaEEsOj 
Glycerol 
CeHrN, Aniline (*^); v. 

12.6 1 M 


2.27i 


2.225 


100 
2.1825 


B 


Ma 


C4£[sCl302 

Ethyl trichloracetate 
CiHiOtt Ethyl acetate (30) 

Mb I Range, *C 


0.25 

0.6 

0.76 


0.75 

54^17 

0.5 

64-15 

0.25 

54-16 


1.70? 

1.39 

2.17e 


C4HgOs 

Ethyl acetate 
C«HisOs, Isoamyl formate (* 0 ) 

Mb I Ranflw. ®r! 



B — CtHmOs, Isoamyl acetate (30) 


B = CgHioOx, Ethyl benzoate (30) 


0.5 


0.6 


56-17 


1.682 


B 


C^lSioO 
Ethyl ether 

CeHfiNOt, Nitrobenzene, 20°C (*l) 


CgHsN 

Pyridine 

B = C«H(C10, o-Chlorophenol (*) 


% B 


0 


10 


20 


30 


c, 0-20^ 
c, 0-1 00 

^B 


40 


1.653 


1.60 

1.72o 


1.708 


60 


70 


1.68 

1^9 

80 


1.67i 
IJli 


c, 0-20° 
c, 0-100 


1.634 

1.765 


1.67o 

1.775 


1.702 

1.758 


B 


1.71 
1.72o 


% B 

0 

10 

20 

30 

1 40 

1 50 


c 

1 

2.260 1 

2.173 

2 .IO 0 

1 2 .OO 0 

1.940 

1.860 

% B 

60 

70 

1 80 

90 

100 

0 • * • « . • 


• 

1.77y 1 

1.672 

1.590 

1 i.5l2 

1.431 

% B 

(52) 

5°C 

20°C 

35°C 

% B 
(«) 1 

5°C 

• 

20°C 

35°C 

0 

2.1977 

2.2538 

2.3096 

60 


■RlRj 


10 

2.024 

2.065 

2.147 

70 




20 

1.866 

I. 9 O 0 

1.987 

80 


1.336 

1.356 

30 

1.72o 

1.747 

1.833 

90 

1.388 

1.345 

1.362 

40 

1.593 

1.62o 

1.695 

100 

1.5248 

1.455 

1.4075 

50 

1.487 

1.504 

1.578 



1 

1 

1 


B = C,H 

s, Benzene (® 2 ) also p. 

116 


% A ! 

0 

10 

20 

30 

40 

1 50 

c, 6 '^ 

1.559 


1.887 

1.953 

1.999 

2.039 

c, 20 ° 

1.765 

HEM 

1.994 

2.052 

2 .IO 1 

2.135 

% A 


60 

70 1 

80 

90 

100 

c, 6 ° 


2.075 

2.106 

2.140 

2.17i 

2.201 

c, 20 ° 


2.165 

2.190 

2.214 

2.236 

2.2536 


B = 

= C 5 H 7 N 

, Aniline ( 21 ) 



% B 

0 1 

10 

20 

30 

' 40 

50 

c, 20 ° 

! 2.260 j 

2.26 

! 2.25 

2.23 

2.21 

2.185 

% B 

r%r\o 

1 

60 

^ y* 1 

70 

A j 

80 1 

90 1 

100 



1.975 


50 


1.58o 

1 .739 

Too 


1.678 

1.657 


% B 

. .1 0 

10 

20 1 

30 

40 

50 

c«, 0-20°... 

. . 1.653 

1 

1.658 

^ L 

1.673 

1.693 1 

1.720 

1 1.755 


60 


70 


80 


90 


100 


c«, 0-20 


1 806 1.87o I 1.942 2.016 2.088 



% A 

0 1 

. » 

10 

20 

V / 

30 

! 40 1 


c„, 0-20° . . . 

. .1 1.663 

1.656 

1.668 

1.686 

1.707 

1.734 


% A 



80 1 

90 

1 100 

c«, 0-20° 

1.766 

I.8O7 

i 1.863 1 

1.92o 

2.006 



p-Dibromobenzene 
B *= CtHs, Toluene (^®) 
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B 


Bromobenzene 
CftHftCl, Chlorgbenzene (®*) 




M 


20 


40 


60 


80 


1.00 

0.75 

0.50 

0.25 

0.00 


0.00 
0.26 
0.50 
0.75 
1.00 


c 

c 

c 

c 

r. 


1.294 

1.172? 

1.0796 

1.020 

n 


1.3195 

1.198 

1.109 

1.041 

(\ Q7R 


1.363? 
1.243 
1 . 1426 
1.0734 

A QQA 


1.426 
1.301e 
1 . 198? 
1.114 

1 Aoe 



• ^ w 

0.20 

0.80 

65-17 

V y 

1.302 

0.676 

0 . 325 

65-18 

l.lSi 


CeHsClO 
o-Cl|Iorophenol 
B = CsHiiN, Dimethylaniline (*) 



mi 


! 1 055 I 1.93o I 1.88? I 1.810 | 1.678 


B = C»H7N, Quinoline (*) 



Mb/Ma 


19-60 


1 

♦ 4 ♦ » , 

2 5 

5 1 

10 1 

15 1 

20 

... 1 . 504 1 

1.708 

1.864 

1.93 

1.97 


B 


CflHJIOz 
Nitrobenzene 
CgHft, Benzene (52) 


% A 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 





1 76**C 

1.6186 

j 1.9120 ! 

2.2055 

2.5735 

1.543 

: 1.816 

2.084 

2.428 

1.480 

; 1.720 

1 

1.966 

2.282 

1.418 

1.628 

1.846 

2.139 

1.365 

1.55.3 

1.734 

2.00? 

1.322 

1.48i 

1.625 

1.87fl 

1.289 

1.413 

1.528 

1.749 

1.27? 

1.37^ 

1-464 

1.662 

1.303 

1.352 

1.405 

1.54? 

1.366 

1.35? 

1.373 

1.454 

1.4990 

I. 42 O 0 

1.3804 

1 . 392o 


B = CtHTW, Aniline (2®) 



Mb 

Range, ® 

0.25 

65-13 

0.25 

98-16 

0.5 

65-15 

0.5 

98-18 

0.75 

65-15 




f 

i 


0 49 


0.54 

B — CtHiiN, Ethylnn ilinc f30) 
0.51 



1.69o 


Ma 


B -» CioHifN, Dietbylaniline 
Mb I Range, ®C 


0.6 


0.5 


65-19 


1.77i 



e 

c 

c 

e 

e 

c 

e 


CftHa 

Benzene 

C7H$, Toluene (•*) 

20^ 

1.706 
1.698 
1.711 
1.702 
1.682 
1.663 
1.640? 


30°C 

40^C 

K|MSI 


1.722 

1.762 

1.824 

1.916 

1.719 

1 . 7696 

1.8166 

1.802 

1.720 

1.766 

1.811 

1.885 

1.733 

1.766 

1.807 

1.864 

1.712 

1.744 

1.781 

1.827 

mm 

1.724 

1 . 7596 

1.801 

1.671 

1.701 

1.736 

1.7714 



B CtHsO, tn^Cresol (*®) 
0.46 I 65-18 
B = CsHio, m-Xylene (®®) 




B 


J 66? I 1.702 I 1.70? I 1.69 I 1.678 ^^/Mb 


CJI5I 

lodobenzene 


CyHs 

Toluene 

CioHTBr, /9-Bromonaphthalene (®®) 

1 i 5 \ To 



c«, 22-60® 

1.29 

1 1.55 1.64 

1 • 1.70 


B - C,oH„ 

Naphthalene (®®) 


Ma/Mb 

6 

10 1 


20-50® 

1.695 

1.72 

1.736 


M 


CyEEgO 

?n-Creaol 
B ■« CrHfN, o-Toluidine (*®) 

Mb Range, ®C 


0.75 

0.6 

0.26 


0.25 

0.6 

0.75 


64-14.6 
64.5-14 
64-15 


1.78« 

2.O61 

2.03 


B * C»HiiN^ Dimethylaniline (2®) 


0.53 

0.47 

65-17 

1.826 

0.5 

0.5 

54-17 

1.88? 


B 


CsHio 

o-Xylene 

CgHio, ff*-Xylene (*•) 


Ma 


Mb 


0.269 

0.729 



0.731 

0.271 


B 


0.815 

0.185 

0.32. 

0.68 


64- 19 

65- 20 

K^lene 

65^6 
64-20 


1.786 

1.808 

l.Tbl 

1.826 


B 


CgHio 

m-Xylene 


Ma 1 

Mb 1 

Range, ®C 

0.754 

0.246 

65-18 

0.293 

0.708 

65-17 


B 


0.734 

0.287 


CsHiiN, Dimethyaniline (*®) 

07266 66-T9 

0.713 65-18 


1.674 

1.724 

ITto? 

1.808 
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THRBE-COMPOHBNT^SYSTBMS 

H,0 -f HJ 3 O 4 + HNO,. t «■ 20**C (4g); i>/Fig. 3 


%h,6 I 

H,80.| 

HNO.l 

c % H,0 1 

1 H*S04l 

1 HNO, 

c 

10 

46 

45 1 

1.88t 

15 

70 

15 

1.84 


40 


2:12 

30 

10 

60 

2.56 

40 

30 


2.546 

60 

10 

1 40 

2.74 

50 

25 

25 

2.74s 

75 

10 

16 

3.37 

60 

20 


2.03 

40 

40 

28 

2.46 

76 

12,6 

12.5 

3.51 1 

1 10 

80 

10 

1.76 

85 

7.5 

7.5 

3.8 

6 

5 

90 

2.00 


10 


2.13 

2.6 

70 

27.5 

1.67 


30 


1.97 

5 

25 

70 

1.92 


50 


1.88 

! 

> 

• 

- 

» 






HiO -f CsH«OH -f* a salt, i — ca. 20®C; v. also p. 116 


Salt 

Moles CiHfcOH per200 molesHtO + 1 mole salt 

Lit. 

100 1 60 

1 40 1 36 1 30 1 15 1 10 

NaCl 

3.632*14.072 

|4 . 162 [4 . 160 ti4 . 24s|4 . 264 :|4 . 23i 

(36) 

KCl 

13.574 3.9841 

i4.12e|4.16e |4.206|4.23e | | 

1 (27) 

NaNO, 

3.616 l4.02il4.126|4.16o |4.206|4.248 | 

(27) 

KNO, 

3.69i 4.02 i|4.122|4.126 14.198|4.649 |4.185 

(27) 

NaBr 

KBr 

|4.008| I 1 

1 [4.072 

' ( 2 «) 

(28) 

Nal 

1 [4.06 

(28) 


I — 900 molet, 0 m 3.277 

^ CtBtOH * 33*8i innlw 


(*•) 


t C«B«OH ^ 20 mola. 

HiO + C»H.OH + X (a»); 80 moles C,H»OH + 200 moles H/) 4 

1 mole X, < * ca. Ig^C 

Tannic acid 
(Digallic?) 


C(HsOi, 

C0H,O 

CisHsiOii, 

Glycerol 

Phenol 

Sucrose 



H,0 4 C„H,,Oii 4 NaCl, / - 21.4"C (<) 


H,0, 

NaCl 

Ci,H 

:«o,i 


moles 


% 


1 % ; 

V 

200 

nB 

1.69 

0 

0 

4.0865 



1.17 

0.25 

2.29 

4 054 




0.5 

4.498 

4 027 




0 75 

6.62 

3 99i 


0 

0 i 

1 

8.67 

3 96g 

100 

" 1 

3.14 

0 

0 

4.008 


0.75 

2 29 

0.25 

4.47 

3.957 



1.46 

0.5 

8.55 

3.908 


0.25 

0.702 i 

0-75 

12.38 

3.854 


0 

0 i 

1 

15 95 

3.796 

50 

BBi 

6.09 

0 

0 

3 882 5 



4.26 

0.25 

8.30 

3.778 


bEH 

2.66 

0.5 

15.53 

3.685 



1.26 

0.75 

21.23 

3.605 


0 

0 

1 

27 55 

3.522 

25 

1 

11.48 

0 

0 

3.678 


0.75 

7.56 

0.25 

14.76 

3 . 50o 


0.5 

4.49 

0 5 

26.30 

3.364 


0.25 

2 05 

0,75 

36.06 

3.260 


0 

0 

1 

43 23 

3.163 
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THERMAL EFFECTS ACCOMPANYING PHYSICAL AND CHEMICAL PROCESSES 


Complete Index 
Physical Processes 

I^ateht heat of fusion. 

Metals and alloys. 
Non-metallic substances. 
Latent heat of vaporization. 

Metals. 

Non-metallic substances. 
Latent heat of transformation. 

Metals. 

Non-metallic substances. 
Heat of adsorption and of 
wetting. 

Heat effects accompanying the 
expansion of one-phase sys- 
tems (Joule-Thomson effect, 
etc.). 

^ 

Heat of mixing of liquids. 

Heats of solution and of pre- 
cipitation. 

Heat of dilution. 

Chemical Processes 

Heat of neutralization' of acids 
and bases. 

Heat of combustion of organic 
compounds. 

Thermochemical Data 

Heat of formation (includes all 
thermochemica) data not 
included above). 


Index CJomplet 
Processus physiques 

Chaleur latente de fusion. 

Mdtaux et alliages. 
Substances non-m(5talliques. 
Chaleur latente de vaporisation. 

M6taux. 

Substances non-m6taIliques. 
Chaleur latente de transfor- 
mation. 

M4taux. 

Substances non-m^talliques. 
Chaleur d’adsorption et 
de mouillage. 

Effets calorifiques accompa- 
gnant I’expansion dea sys- 
t^mes k une phase (effet Joule- 
Thomeon, etc.). 

Chaleur de melange des liquides. 

Chaleurs de dissolution et de 
precipitation. 

Chaleur de dilution. 

Processus chlmiques 

Chaleur de neutralisation des 
acides et des bases. 

Chaleur de combustion des 
compost organiques. 

Donates thermochimiques 

Chaleur de formation (com- 
prend toutes les donn^ 
thermochimiques non men- 
tionndes ci-dessus). 


Gesabit Index Vebzeiohnis 
Physikalische Vorgttogo 

liStente W&rme beim Schmel- 
zen. 

Metalle und Legieningen. 
Nichtmetallische Stofife. 
Latente Warme beim Ver- 
dampfen. 

Metalle. 

Nichtmetallische Stofife. 
Latente Warme der Umwand- 
lung. 

Metalle. 

Nichtmetallische Stofife. 
Absorptions- und Benetzungs- 
Warme. 

WarmeeflFekte welche bei der 
Expansion einphaaiger 83^8- 
teme auftreten (Joule- 
Thomson Efifekt,*u.s.w,). 

MischungswSrme voh Fltlssig- 
kciten. 

Lfieungs- und F&llungs-W&rme. 
Verdilnnungswftrme. 

Chemische Vorglnge 

Neutralisationsw&rme von S&u- 
ren und Basen. 

Verbrennungswanne organi- 
scher Verbindungen. 

Thermochemiscbe Daten 

Bildungsw&rme (enth&lt alle 
oben noch nicht angefUhrte 
Daten). 


Inoicb Coiipletd 

Traaformazioiii flsiche 

CaJore latente di fusione. 

Metallieleghe; Vol. II, p. iSS 
Soetanze non metalliche . 130 
Galore latente di evapo- 
razione. 

MetaUi, Vol. H, p.... . . . 468 

Vol. Ill, p 204 

Sostanae non metalliche . 136 
Galore latente di trasfor* 
mazione. 

MetaUi, Vol. II, p 468 

Sostanxe non metalliche . 169 
Galore di assorbimento e di 

inumidimento 139 

Efifetti termici che accom- 
pagnano la espansione 
dei sistemi monofasici 
(efifetto Joule-Thomson, 

ecc.) 144 

Galore di miscuglio dei 

Uquidi T48 

Calori di soluzione e di 

precipitazione 169 

C^ore di diluizione 160 

Trasformazioni chlmlche 
Galore di neutraliziazione 

di acidi e basi 169, 212 

Galore di combustione di 
compost! organic! 162 

Da|i termochlmlel 

Galore di formazione (sono 
compred tutti i dati 
termoohimici non incluai 
neUe tabeUe precedent). 169 


LATENT HEATS OF FUSION 
R. DE Forcrand and L. Gat 


Scope of die Tables, — The data given in the following tables are 
baa^ solely upon the best available direct calorimetric determi- 
nations and do not take into account the values, sometimes more 
. reliable, which can be computed by indirect methods. For such 
values the reader should consult the appropriate sections of I, C. 
T. as indicated in the index \mder, “Fusion, heat of.” 

Calorimetric Methods, A- — ^ grams of the pure substance 
which has been in the crystaUine state for a long period of time 
(hereafter refeir^ to as the “stable” crystalUne form) is taken at 
a tempemture slightly below its fusion point and is introduced 
into a calorimeter, the temperature of which is slightly above 
The final state oi the substance is liquid. The total effect pro- 
duced U composed of (a) the heat absorbed by the soUd up to (r, 
(6) the neat absorbed by the liquid between (r and the final tern- 
pereture, and (c) the heat of fusion. Knowing the two specifio 
heats, the of fusion, Lr, at the M. P., is obtained by diflferenoe. 

B.— As in Method A, but in the reverse order, the liquid sub- 
stance slightly above its fusion point is introduced into the calorim- 


eter, where it crystallises. This experiment gives directly the 
heat of solidification, Ld, rather than the heat of fusion, Lr- 
The heat of solidification is sometimes less tha^i the heat of fusion, 
because at the moment (rf solidification the substance does not 
always liberate its entire heat of fusion, llie determination of 
Ijt is therefore preferable. 

C , — Two samples of the pure substance are employed, (mo ^ 
the “stable” crystalline form, the other in the form of the super* 
cooled liquid, and both at the same temperature, which is sub- 
stantially that of the calorimeter. ' In two separate experiments 
the substance is brought to the same final state which may be 
anything, but is the same for the two samplee. The dififerenoe 
between the two values found gives directly the heat of fusion. 
In this case there is no difference between Zqi^and Lt> if the oryntal* 
line sample employed is in the “stable” form. In most cases the 
final state in such an experiment is 9 solution in the calorimetric 
liquid, but obviously it might be any state. TTie value finally 
obtained by Method C is the heal of fusion at the temperature of 
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the calorimeter arid is identical with the heat of fusion at the 
melting point only in case the calorimeter is operated in the 
neighborhood of this temperature. 

D , — The super-cooled substance is maintained in the calorimeter 
until temperature equilibrium is secured, and crystallisation is then 
produced by seeding. This method gives L©. 

F. — In this method (Wigand) the “stable” crystalline sub- 
stance is melted in the calorimeter by means of a measured amoimt 
of electrical energy. This method gives Lp directly, but requires 
a calorimetric liquid with a melting point lower tp, 

F . — The method of thermo-analysis (W, Plato) gives reliable 
results in cases where Lp is known for an analogous substance 
having approximately the same melting point. The method is a 
relative one. 

(?. — In the method of L. Meyer, a Bunsen calorimeter is 
employed, the calorimetric liquid being the pure substance at its 
melting point. The determination consists in measuring the 
variation in volume, aK, which accompanies the fusion (ri 1 g of the 
substance. In a second experiment, a known quantity of heat Q 
is introduced into the calorimeter electrically and the accompany- 
ing volume change AP' is measured. aP'/^P gives the rntma m 
of the substance melted. The heat of fusion is then 

m AP'^^’ 

The temperature tp being constant, a knowledge of the specific 
heats is unnecessary. 

H . — Special methods, for which see the literature cited. 

/. — Method not given by the author. 

CoTwersion Factors . — 1 Kilojoule per g = 238.9 calu g-» = 430.1 
BTUeo lb.“‘ «= 9.869 1-atm. g-^ = 2.778 X 10“* kw hr g-». For 
other factors, v. Vol. I, p. 24. 


^Table. — {CorUinited) 



• For hettU of fuaion of meUlUo elementary eubetancefl. v. Vol. II. p. 468. 

ColiPouNDs (Standard Abrangeuent) 

(p. Vol. Ill, p. viii) 


Formula 

M. P.. 

•c 

Joule per g 

Kilojoule 
per g- 

formula^wt. 

Method 

Lit. 

1 

1 

• 

HfOi 

0 

833.6 ±0.33 
310±1.36 

6.0009 

E 

(14.1) 

HBr 

a ♦ # 

- OA 

10.6±0.04 

A 

(<») 

1 

Ha 

^ oO 

-86.8 

1 1 A 

33.1 

29.7 

68 

64.6 

144.68 

23.78 

68.75±1.0 
68.6 ±0.66 
99.4 

100.6±0.7 

2.60 

2.41 

B 

B 

( 18 . 1 ) 

(•») 

Ha.2HaO 

-114 

1ft K 

2.11 

1.90 

B 

B 

( 18 . 8 ) 

(••) 

HI 

10 • 0 

lift 

10 . 485 

C 

(•) 

lCI(a), . 

09 0 

3.08 

B 

( 18 . 8 ) 

ia(6) 

80a 

15.2±1.3 
^ ftA 

11.16±0,16 

9.62±0.1 

A 

C. A 

(»») 

(•. T*) 

HaSOa 

10.352 

7.96 

C 

(••) 


0.866 ±0.07 

A 

<”) 



fJt P 


Kilojoule 

1 


Formula 

00 

Joule per g 

per «- 

•3 

Lit. 

# 



formula-wt. 

9 


HaSOa- — CCorU’d) 


95 fi 

9 Sft 

J 



10.49 

108.76 

10.668 

A 

\ # 
(”) 

HtSOl.HtO 

8.56* 

163.6±3.0 

10±0.35 

A 

( 11 , 48, 




1 


•u 

HaStOr 

35 

76.0±4 

1.36 

D 

( 1 . 8 ) 

NO 

-163 

77 

2.32 

B 

(18.8) 

NaOi 

-10.14 

136 to 166.6 

12.4 to 14.36 

A 

(«») 

NaOa 

29.6? 

320.98? 

34.668? 

I 1 

(») 

NHa 

-76 

452.8 

7.7 

A 

(<•) 


-77.6 

36i 

5.9s 

B 

(18.8) 

HNOa 

-47 

39.98 

2.61b 

C 

{») 

HaPOa 

17.4 

146.5 

9.68 

C 

(«) 

POCIa 

3 

83 

12.7 

A 

(•>) 

AflBra 

31’ 

37.4 

11.76 

B 

(»•) 

SbCU 

73.2 

! 65.68 

12 . dW 

B 

(’•) 

SbBry 

94 

40.88 

14.77 

B 

(»•) 

SbtSa 

640 

73.6 

24.0 

B 

(88, 41) 

CO 

-206 

33.6 

0.094 

A 

(»•) 

COa 

- 66.2 

189.6 

8.36 

A 

(47.8) 


SiOi. 
TiCl4. 
SnCli . 
8DBr4 
FbCli 


For other C-oompounda. e. 

46.4a 
49. 2t 

36.1d±0.8 
26.2±0.1 
87.5±1.8 


FbBrt 


Pbit 

Tia 

TlBr 

TlOCfHi 

Zn(NOa)4.6HtO. 

Cd(NOi)t.4BiO 

HgBrt 

Hilt 

Cu(NOi)>.6HfO 
AgO 


AgBr 

AgNO. «/.(••) 


OSO 4 

Mn(NOa)>.6HtO 
Co(NOa)*.6HiO. 
Ni(N0,)f.6H«0.. 
MgCUSHtO . . . 
Mg(N0«)>.6H«0 

CaOls 

CaCla.eHtO 

Ca(NOa)t.4HtO. 


SrOli 

BaCIt 

LiNOa 

LitSiOa 

LiiSlOa.LiaO 

NaOH 

NaF 

NaCl 

NaClOa 

NaaSOi.lOHiO 


70.3 
-26 
-33 

25.6 
486 

498 
400 
488 
376 
427 
460 

86.4 

69.6 
236 
260 

24.4 
451 
466 
430 
208 
218 
40.1 
26.8 

66.7 
116.7 

00 

773.9 
29±0.6 

42.1±0.1 

872.3 

968.9 
260 


NaiSaOa.6HaO . 

NaNOa 

NatHP04.12Ha0 

NaaCrOa.lOHfO. 

KOH 

KF 

KCl 

KNOa 

KiOtOr 

RbOH 

RbCl 

CaOH 


318.4 

992.2 

804.3 
266 
31 

31.6 

333 
36.1 
23 to 30 

360.4 
869.9 
772.3 

308 
397 
301 


272.3 


77.8 
61.65±1.6 

41.6 

48.1±1.2 

69.8 
63 
4.4 
130 
106 

63.6 
41 
123 

128.8 
89 

62.8 
74.26 ±0.76 

63.8 

66 . 6±1 

120.8 

126.8 

152.8 

173.8 
160 

227.16±1.36 
170.6 

142.2±2.2 


106.6±0.6 
116 

370.8 

336.8 
260 

167.8 
779 
617 

206.0 ±2.6 

214.8 
230 

200.0±0.6 

189.8 

279.8 

164.0 to 160.8 

119.8 
462 

310 ±60 

106.8 
124.8 

66 
160 
46 


tf:-TabIe 
7.76 
9.348 
0.160 
11.6 

24.3 

21.6 

18.96±0.66 
16.2 

22 .2±0.66 
16.7 
16.1 
1.1 

38.6 

32.7 
19.32 
18.6 

36.4 

18.4 

12.8 

9.0 

12 . 6 ± 0.1 
10.8 

14.4±0.2 
34.6 
36.8 
44.3 
36.1 
41 

26.2],±0.14 

■ 37.3 

33.6±0.6 

16.85±0.06 
24 

26.58 
30.2 

31.1 
6.7 

32.71 

30.2 
21.825 ±0.27 

69 

77.0 

49.66±0.16 

16.1 
100.1 

66.12 to 61.60 
6.72 
. 26.3 
28.1±3.7 
10.8 
36.7 
6.78 

19.2 
6.7 



• ±0.06. 


S 

B 

B 

B, C 
B 
F 
B 
B 
B 
B 
B 
B 
C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

a 

B 
B 
B 
B 
B 
F 
B 
A 
I 
F 
F 
B 
F 
F 
F 
F 
F 
B 
B 
B 
B 
B 
B 
C 
F 
F 
F 
B 
B 
F 
F 
F 


i**) 

(»• »•) 
(>•) 

(*•) 

(»>) 

(»•) 

(»») 

(»•> 

<8I) 

(*>) 

(18.8) 

(•») 
(•») 
(**) 
r»») 

(•») 
{•*) 
(»>) 
(»>) 

(»») 

(»*) 
(81.8) 

(••) 

(•») 

(••) 

(•») 

(«») 

(88, 8T) 

(••) 

(•▼) 
(»•) 

(••) 

(»•) 

(••) 

<••) 

C»») 

( 88 . 1 ) 

(••) 

(18, 81) 

(•*) 

(<») 

(«») 

(»») 

(••) 

(•) 

(»») 

( 88 . 1 ) 

(»•) 

(»n 

(»•) 

(»T) 
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(T-Table 
'Arrangement (v. \ 



Formula 


CCL 

CH,N, 

CH,0, 

CH4 

CH 4 O 

C,HC1,0, 

CiHjCljO, 

CjHjBrjOj 

CjH,C10, 

C,H,Cl,Oa 

C,H4Br, 

C,H40, 

CjHeO 

C,HeO, 

C,H40a 

CiH^N.O* 


C,H40 

C,HtNO, 

C.HaO 

C»HtOi 

C*H4N, 

C*H40, 

CiH«Ot 


C4H4O4 

CiHrClaOi 

C4H,N,S 

C4H*0, 

C4HiaO 


CftHiOi 

CJI,04 

C^HijO 

CfHiBriO 

C*H4BrCl 


CJl4BrI 


CeH4Bri 


CfH 487*0 
C.H*Br.N 
CJl4aNO, 


Name 


Carbon tetrachloride I _24 

Cyanamide 

Formic acid 

Methane 

Methyl alcohol 


Trichloroacetic acid 
Dichloroacctic acid. 

Bromal hydrate 

Chloroacetic acid <„) 
Chloroacetic acid (^) 

Chloral hydrate 

Ethylene dibromide. 
Acetic acid 


Ethyl alcohol 
Glycol 


Acrylic acid .... 
Trinitroglyccrol . 

Stable form 

Metastable form 
Acetone 


Urethane 

Isopropyl alcohol 

Glycerol 

Succinonitrile 

Succinic anhydride .... 

Crotonic acid(a) 

Crotonic acid(a) , 

Crotonic acid(c») 

Methyl oxalate 

Chloral alcoholate 

Thiosinamine 

n-Butyric acid 

n-Butyl alcohol 

tere.-Butyl alcohol 

(cri.-Butyl alcohol 

Levulinic acid 

Glutaric acid 

/eri.-Amyl alcohol 

2, 4, 6-Tribromophenol 
I o-Bromochlorobensene. 
m-Bromochlorobenrene 
p-Bromochlorobenzene . 
o-Bromo‘odobenzene. . 
fn-Bromoiodobenzene . . 
p-Bromoiodobcnzene . . 

i o-Oibromobenzene 

m-Dibromobenzene .... 
p-Dibromoben zene .... 
2, 4-IMbromophenol . . , 
2, 4, 0-Tnbromoaniline 
fn*Chloronitrobenzene . 



CtH4Clt 

•TuTc (*»f 


p-Chloronitrobenzene 
1 o^Dichlorobeniene 

O (••>. t H«*t of erxi. ftt 0*. {Abo /(•>), 


42.9 

8.0 ± 0.6 
-182.6 
-97 
-97.8 

69.1 
10.8 
46 

61.2 
56 

9.65 

16.68 ± 0.04 

16.7 
-114.4 

-11.5 

-12.3 

13 

12.3 
13 

-95.6 

-94.6 

48.7 
-88.5 

18 

54.5 

119 

67.4 

71.4 
71.23 

49.5 
9 

77 

-6.7 

89.2 
25.45 
25.4 
33 

99.3 



12 

122 

43.8 

44.16 

82 

-17.5 


17.4 ± 0.26 
208.6 ± 3 

246.6 ± 1.9 
60.8 
68.6 
92.2 
36 

69.5 

70.75 

130 

147 

138.9 

66.62 

187.1 ± 6.7 
181 

104.2 ± 3.7 
181.1 
174 

155 
96.35 
21. 8t 
138. 9t 
98 
82 
171 
88 

198.8 
49 

204 

106.0 

162 . 4 ± 4 
146.15 

178.5 

100.6 
140 
126 

126.3 ± 0.2 

87.8 
91.6 
79.4 

156.6 


93 

52.6 

56 

-12.6 

64.5 

-21.2 

64 

64.6 

98 

21 

51 

-9.3 

43 

90.1 1 

69.5 

18 

53.5 

-6.9 

56 

86 ± 1 

86 ± 


6 

5 


58 
70 
123 
131.9 
89.5 
88 


Kilojoule 
perg. 
formula-wt. 


2.68 

11.27 

11.34 
0.974 
2.20 
2.95 
6.9 
7.65 

21.15 

12.3 

13.8 
22.97 
10.637 

11.23 

10.9 
4.80 

11.24 
10.8 
11.2 
21.88 

4.95t 
31. 5t 
5.69 
4.76 

15.2 

5.34 

18.3 
3.93 

20.4 
9.11 

13.1 
12.576 

21.05 
19.465 

16.25 

11.1 

9.280 

6.605 

6.78 

9.215 

20.65 
4.65 

18.56 

12.36 

12.25 

18.75 
14.46 
12.2 

19.65 

12.6 

13.2 

20.3 

14.75 

23.25 

19.4 
20.776 
14.1 
12.9 


Method 


Lit 


E 

B 

A, B 
E 
- A 
E 
B 
B 
B 
B 
B 
C 
B 
B* 
E 

A,E 

A 

E 

I 

B 

D 

D 

E 

B 

B 

E 

B 

I 

/ 

B 

B 

B 

B 

C 

B 

E 

E 

C 

E 

C 

B 

I 

B 

I 

I 

I 

I 

I 

I 

I 

I 

Bt 
C 
B 
B 
B 
B 
I 


( 60 ) 

( 32 , 86 ) 
( 16 . 8 ) 
( 48 ) 
( 83 . 8 ) 
( 57 ) 

( 87 ) 

( 10 ) 

( 57 ) 

(*^) 

( 46 , 86 ) 

( 83 . 7 ) 
( 20 , 83 . 8 ) 

( 83 . 8 ) 
( 66 ) 

( 82 ) 

( 38 ) 

( 38 ) 

( 83 . 7 ) 

( 48 ) 

(16) 

^ 83 . 7 ) 

( 18 ) 

( 76 ) 

( 76 ) 

( 10 ) 

( 46 . 8 ) 

( 9 . 1 ) 

( 10 ) 

U) 

( 89 ) 

( 83 . 6 ) 

( 83 . 8 ) 

(»•) 

( 83 . 6 ) 

(•) 

( 36 ) 

( 76 ) 

(••) 

( 81 ) 

( 81 ) 

( 81 ) 

( 81 ) 

( 81 ) 

(•») 

( 81 ) 

(«) 

(». 

(”) 

( 64 ) 

( 10 ) 

(•) 

( 10 ) 

(»*) 
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Formula 


OtHiClt 


CiHJs 


C^4N,04 


CeH40, 

CeHiBrO 

cm^No, 

C.H»NO, 

C,H, 


CtH^ClN 

C^HtNiO, 


CJIiO 

CeH«Ot 


CjHtN 

C*H*N, 

CJI,04 

C»H|(|04 

CtHioOt 

C»Hi,0 

cm.tO, 

CrH.aO, 


C 7 H.N 04 


C7H*N,04 

C7H.N,04 

C7H.0, 

CrHiBr 

CtH,I 

CtHtNOi 


CtH,0 

CiHtOt 

C7H,N 

C.H.CI 4 

OtHtBrt 

c»H<a« 


CtHfOi 


Name 

m-Dichlorobeniene 
p-Dichlorobensene 

o-Diiodobensene 

m*I>iiodobensene 

p-Diiodobencene 

o-Dinitrobenzene 

m-DinitrobeAzene .... 

p>I>initrobeDxene 

Quinone 

p-Bromophenol 

Nitrobenaene 

o-Nitrophenol 

Bensene 

p-Chloroaniline 

o-NitroamUne 

m-Nitroaniline 

p-Nitroaniline 

Phenol 

o-Dihydroxy benzene. . 
m-Dihydroxybenzene . 
p-Dihydroxybenzene . . 

Aniline 

Phenylhydrazine 

Methyl fumaraie 

Methyl succinate 

di-Dimethyl tartrate. . 
d>Dimethyl tartrate. . 

Cyclohexanol 

Paraldehyde 

o-Chlorobenzoic acid . . 
m-Chlorobenzoic acid . 
p-^hlorobenzoic acid. 
o-Nitrobenzoic acid . . . 
m-Nitrobenzoic acid. . 
p-Nitrobenzoic acid. . . 

2f 4, 6>Trinitrotoluene 
2, 4>Dinitrotoluene . . . 

Benzoic acid 

p-Bromotoluene 

p>lodotdlueae 

o-Aminobenzoic acid. . 
m-Aminobenzoic acid. 
p-Aminobcnzoio add. 

p-Cresol 

Dimethyl- 7 'pyrone . . . 

7 ^-Toluidine 

o-Tetrachloroxylene . . 
p-Tetrachloroxylene . . 
o-Xylene dibromide . . 
m-Xylene dibromide . . 
o-Xylene dichloride , . . 
m-Xylene dichloride . . 
p-Xylene dichloride . . 
Phenylaoetic add 


• Alm> /(*»), ©(ii), 4(*). 


0 

Joule per g 

Kilojoule 
per g- 

1 formula-wt. 

Meth< 

-24.4 

86 

12.6 

/ 

52.7 ± 0.2 

124.2 ± 0.8 

18.25 

B 




I 

23.4 

42.5 

14.1 

I 

34.2 

48.35 

15.95 

I 

129 

67.8 

22.4 

I 

116.93 

135.0 ± 4 

22.84 

B 

90.08 

103.4 ± 4 

17.36 

B 

173.5 

167.4 ± 4 

28.1 

B 

112.85 ± 0.5 

171.0 ± 4 

18.46 

B 

64 

85.8 ± 1.3 

14.85 

C 

5.72 ± 0.10 

94.25 ± 0.25 

11.6 

G. I 

42.8 

112 

15.6 

B 

44.51 

129.35 

17.98 

B 

5.42 ± 0.02 

127.0 ± 1.4 

9.91 

A* 

5.40 

126.5 ± 4 

9.88 

B 

69 

155.5 

19.83 

B 

69.3 

1 

116. 7> 

16.12 

B 

111.8 

171.5 

23. 7o 

B 

147.5 

152.6 

21. lo 

B 

25.37 

121.5 

11.4 

E 

104.3 

206.8 

22.76 

B 

109.65 ± 0.5 

193.4 

21.29 

B 

172.3 

246.0 

.21.70 

B 

-7.03 

87.7 

8.16 

A 

22.1 

152.0 ± 0.6 

16.43 

A 

102 

242.5 

34.95 

B 

18 

149.55 

21.84 

B 

87 

147 

26.2 

F 

49 

90 

16 

F 

23,2 ± 0.8 

17.55 ± 0.3 

1.756 

B,C 

12.6 

104.75 

13.83 

A 

140.2 

164.5 ± 4 

25.76 

\ B 

154 . 25 

162.4 ± 4 

23.86 

B 

239.7 

206 ± 4 

32.3 

B 

145.8 

167.7 ± 4 

28.02 

B 

141.1 

115.5 ± 4 

19.30 

B 

239.2 

221.0 ± 4 

36. 9o 

B 

79 

93.5 ± 3.5 

21.23 

/ 

70 

110.5 

20.1 

/ 

121.8 

141.9 ± 4 

17.3 

B 

27.6 ± 1.2 

87.3 ± 3 

14.93 

B 


1 


A 

34 

78.5 

17.1 

I 

145 

148.5 ± 4 

20.38 

B 

180 

159.2 ± 4 

21 .8s 

B 

188.5 

152.6 ± 4 

20 . 9i 

B 

34 

no 

11.9 

B 

132 

235 

29 

B 

40.01 ± 0.12 

167.0 ± 2.4 

17.88 

B 

86 

88 

21.45 

I 

95 

92.5 

22.55 

I 

95 

101.5 

26.79 

/ 

77 

89.8 

23.7 

/ 

55 

121.5 

21.25 

/ 

34 

111.5 

19.55 

/ 

100 

137 

23.95 

/ 

74.9 

106.5 

14.46 

B 

76.58 

125.6 

17.09 

B 

77 

134 

18.2 

B 


Lit. 


134 


INTERNATIONAL CRITICAL TABLES 


Formula 


Name 


C,H.O, 


CsH.NO, 

CJIio 

CsHioO* 

C.H„0. 

C,HaO, 

C.H,0, 

C»HioOt 

C*H,.0, 

C.oHtNO, 

CioH, 

CioH/) 

CioHgOs 

Ci»H,N 


CioHjo 

CioHioOi 

CtoHiiO 

C10H14O 

CioHijBiO 

C.oHiiNO 


CioHnO 

CiiHnOt 

CiiH*N 

CiiHw 

Ci,H,*N, 


I 

i' 


CisHiftNtO 

Ci,H,iN 

CiiHiiNi 

C1SH14O4 

CiiHiiOj 

C„Hi/) 

CuHi, 

C,.HuN 

CmHiO, 

CiiHw 

CiJIu 

C,«H|. 

Ci 4 Hi/)t 

C14H1J 

C.JIit 

C14H14 

C|4HmO| 

CifHiiO] 

CicHf^O 

CitHi40| 

C| 4 H 440 t 

GisHt<Os 

CitHii 

CvH,|^4 


o-Tolulo Aoid 
m-Tolulc aoid 
p-Toluic acid 

Hydrotyacetanilidc | 91.3 ± 

p-Xylene 

Veratrol 

n-Caprylic acid. . . . 

Allocinnamlc acid . . 

Cmnamic acid 

Hydrocinnamic acid 
n-flt-Pelargonic acid. 
n-^Pe1argonic acid. 
a-Nitronaphthalene 

Naphthalene I 79.9 

a-Naphthol 

^-Naphthol 

Methyl phenylpropiolate 
a^Naphthylamine 


1, 4-Dihydronaphthalone 

Methyl cinnamate | 34.5 

Anethole 

Thymol 

Bromocamphor 

d-Carvoxime 

/-Carvoxime 

dZ-Carvoxime 

i-o-Menthol 

n-Capric acid 

n-Undecylic acid(a) 

n-Undecylic adid(^ 

Carbasole 

Diphenyl 

Azobenzene 


Azoxy benzene 


Hydra zobenzene 
Apiol 


Diphenyl methane 

Benzylaniline 

Anthraquinone . . . 
Anthracene 


Tolane 

Benzil 

Dihydrophenanthrene 

Stilbene 

Dibenzyl 

Myriatic acid 

Palmitic acid 

C^l alcohol 

Cinnamic anhydride. . 

Elaidic add 

Stearic add 

Triphenylmethane 

Triatearin 


M. P., “C 

Joule per g 

103.7 

1 148.2 ± 4 

108.76 

116.5 ± 4 

179.6 

167 ± 4 

91.3 ± 0 1 

140.5 

16 

164.6 

22.7 

114.9 ± 1.2 

16.34 

148.2 

68 

114.5 

133 

162.8s 

48 

117.76 

12.36 

128.2 


163.4 

66 

106.6 

79.9 ±1.1 

148.9 ± 0.4 

96 

163 ± 4 

120.6 

131 ± 4 

18 • 

96.75 

47.5 

93.6 

48.9 

92.05 

60.1 

107.1 ± 0.8 

160 

21.85 

34.6 ± 1.6 

111 ± 1.6 

21.6 

108.0 ± 1.3 

48.5 

116 


174 

71.6 

97.6 

71 

98 

91 

103 

42 

78 ± 1 

31.2 

162.7 

28.26 

134.8 


179.6 

236 

176 

71 

109.2 ± 0.6 

69.1 

121 

66 

117 

68 

136.6 

34.6 

90.5 

63.4 ± 0.6 

106.6 ± 6.3 

134 

96.75 

29.26 

108.0 ± 0.2 

43.86 ± 0.16 

183 ± 2 

48.26 ± 0.25 

98.6 ± 0.66 

26.3 

106.5 

36 

91.5 

282 

166.9 ± 1.2 

216.66 

162 ± 0.4 

98:2 ± 1.8 

101.6 ± 2.6 

60 

120.05 

94.94 

92.7 

94 

73.45 

124 

167 

61 

129.8s 


198.75 

66 

164 

47 

141.5 

48 

117.75 

47 

218 

64 

199 

92.3 

74.6 ± 0.8 

66 

191 



Kilojoule 
perg- 
formula^wt. 

20.18 
16.74 
22. 7i 
21.26 
17.46 
16-87 

21.36 
17 

22.685 

;2.74 
.27 

26.84 
18.43 

19.07 

23.6 

18.8 
16.32s 

13.36 
13.17 
16.33 

2.84 
17.99 

16 ± 0.19 
17.3 

40.2 
16.1 
16.1s 

17.0 

12.2 

28.01 

26.09 
33.43 
29.45 
16.84 
22.1 
21.25 
24.69 

17.9 
17.86 

17.63 
23.99 

36.63 


17.96 

17.7 

16.75 

32.64 

28.85 

18.1 

21.38 

19.46 

13.26 

'30.2 

23.645 
46 36 

42.05 
34.25 
32.74 

61.65 

66.6 
18.2 

170 


Method 


lit. 


B 

B 

B 

B 

I 

B, A 
B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

I 

I,B 

B 

B 

B 

F 

F 

F 

B 

B 

B 

B 

I 

B 

B 

B 

B 

B 

B 

I 

B 

B 

B 

B 

J 

I 

B 

B 

B 

B 

B 

B 

/ 

I 

B 

B 

J 

B 

I 

B 

B 

/ 


(1.4) 

(1.4) 

(1.4) 

(1.4) 

(IS) 

(44, 64) 

(*^) 

(6i) 

( 51 ) 

(51) 

(»0 

(*) 

(1, S, 46.5, 
51, 57) 
(46.5) 
(46.5) 

(51) 

( 10 ) 

(*♦) 

(^*) 

(76) 

(51, 76) 

(46) 

(19) 

(*) 

(^0 

ro 

(”) 

( 10 ) 

(17) 

(*0 

(76) 

(52) 

(19) 

( 10 ) 

(51) 

( 10 ) 

(76) 

(75) 

(’*) 

(10, 75) 

(76) 

(76) 

(39) 

(19) 

(64) 

(51) 

(•) 

(53) 

(76) 

(76) 

(72) 

( 10 ) 

(76) 

(«) 

(76) 

( 10 ) 

(»•) 

(76) 
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180: 1208; 25. (*4) Giauque and Wiebe, 7, 10: 101; 26. (*7) Giauque and 

Wiebe. 7. 10: 2193; 28. (••) Magnus and Oppenheim, 03, IM: 306; 28. 

(40) Roberta<^i. 755. U: 139; 03. 

(40) Umino, 47. 18: 381; 28. 


LATENT HEAT OF VAPORIZATION 


The values recorded in this section are based upon direct 
calorimetric determinations. For values based upon vapor pres- 
sure data, see the vapor pressure s,.ctioBS of Vol. Ill, p. 201, 204, 
207, 213, 216, 302, and for metals, v. Vol. II, p. 468; Vol HI, P- 204. 

CONVERSION FACTORS 

1 joule — 0.2392 g-cali©; * 0.2389 g-cali»; =‘2.778 X 10"^ kw. 
hr; - 0.7376 ft. lb.; = 9.870 X 10~» 1-atm.; = 9.482 X 10“* 
BTUw. 

ELEMENTARY SUBSTANCES AND ATMOSPHERIC AIR* 


Arthur Whitmore Smith 



Oxtobn-Nitrogen Mzxtxtbks ukdbr Okb Atmosphebb 


The quantity recorded below is the difference in h^t content 
between the liquid at its boiling point and a vapor <rf thw same 
oompomtion at its initial condensation temperature. Accuracy: 
0.2% absolute, 0.1 % relative 


%0, inliq 0 6 10 16 20 26 30 

I , joule/g 119.8201.1 202.4 203.7 204.9 206.2 207.4 

%0, inUq . ; 36 40 46 60 66 60 66 

I, joule/g 208.5 209.5 210.4 211.2 212.0 212.7 213.3 

%0, inUq 70 75 80 86 90 I 96 I 100 


I, joule/g 213.7 214.1214.41214.4 214.1 213.9 213.4 
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CHEMICAL COMPOUNDS 
Fabrinoton Daniels and J. Howard Mathews 

U latent heat of vaporisation, joules per gram, at *0 to 
produce saturated vapor at f*, the liquid being under its own 
vapor pressure during evaporation. 

The values marked with an asterisk (•) were obtained by meae- 
uring the heat of condensation. All other values were (Stained by 
measuring the input of electrical energy neoessazy to evaporate a 
given weight of liquid. 

The results by condensation inethods (*) are usually too low 
on account of premature condensation and are unreliable also, 
because the speciffc beat of the liquid is usually not accurately 
known. Most of the results published before 1900 may be too low 
by 10 joules or more. 

For the substances marked with a dagger (t) the value given is 
taken from the detailed tables of the next section, p. 138. 


INTERNATIONAL CRITICAL TABLES 



Parentheses ( ) around the temperature indicate that the 
temperature was not recorded in the original communication and 
that the normal boiling point has been taken. The corresponding 
vahie of Trouton’s ratio is also enclosed in parentheses. 


I* — chaleur latente de vaporisation, joules par g it ®C n6ccs- 
saires pour produire la vapeur satur^e k i®, le liquide 4tant sous sa 
propre tension de vapeur pendant I’^vaporation. 

Les valeurs marquees d'un ast^risque (•) ont M obtenues en 
mesurant la chaleur de condensation. Toutes lee autres valeurs 
ont ^t4 obtenues en mesurant I’apport d’^nergie ^lectrique, n^ces- 
aaire pour 6vaporer un poids donn^ de liquide. 

r^sultats obtenus par les m^thodes de condensation (•) 
sont ordinairement trop faibles par le fait d’une condensation 
pr^matur^ et sont aussi moins digne de confiance par le fait 
que la chaleur sp^cifique du liquide n^est g^n^ralement pas connue 
d'une fa^on precise. La plupart des r^ultats publics avant 1900 
peuvent Atre trop faibles de 10 joules et plus. 

Pour les substances marquees d'une croix (t), la valeur donn^ 
est extraite des tables d^taill^es de la section suivante, p, 138. 

La temperature marquee entre parentheses ( ) indique que la 
temperature n*a pas 4t4 mentionn^e dans le m^moire original et 
que le point d*4bullition normal a ^t^ choisi. La valeur corre- 
spondante du rapport de Trouton est aussi mise entre parentheses. 


h *■ latente W&rme der Verdampfung, in Joule pro Gramm bei 
t, ®C fOr die Erseugung von gesftttigten Dampf bei <®. Wfthrend 
der Verdampfung befindet sich die FlOssigkeit unter ihrem eigenep 
Dampfdnick. 

Die mit einem Stem (•) beseichneten Werte sind durch Messung 
der Kondensations-W&rme erhalten worden. AUe anderen Werte 
Bind durch Messung der angewandten elektrischen Energie 
erhalten, die notwendig ist, eine gegebene Qewichtsraenge FlOssig- 
keit su verdampfen. 

Die nach der Kondensationsmethode (•) erhaltenen Werte sind 
gewOhnlich su niediig, einmal wegen der vorseitigen Kondensation, 
dann aber auoh deshalb^ weil die spexifische W&rme der FlQssigkeit 
gewdhnlich nicht genau bekannt ist. Viele der Werte die vor dem 
Jahre 1900 publiiiert worden sind, dOrften deshalb um etwa 10 
Oder mehr Joule m niedrig sein. 

FOr die mit einem Schwert (f) beieichneten Stoffe ist der 
angegebene Wert einer besonderen TabeUe des folgenden Abschnit- 
tes, S. 138, entnommen. 

Die in Klammer ( ) gesetsten Temperaturen bedeuten, dass 
diese nicht in der Originalmitteilung angegeben ist und der normale 
Siedepunkt genommen ist. Der entsprechende Trouton’sche 
Quotient ist ebenfalls in Klammer gesetst. 


— calore latente di vaporissaxione, joules per g necessari a 

*0 per produrre vapore saturo a supponendo il liquido durante 
Pevaporaxione sotto la sua tenaione di vapore. 

I valori aegnati con un asterisco (•) sono stati ottenuti misurando 
0 calore di contfensaxione. Tutti gli altri sono stati ricavati Ha .1 
ooDBumo di energia elettrica neceeaaria ad evaporare un dato peso 
di liquido. 

I nsultati ottenuti con il metodo di condensaxione (•) sono per lo 
pid troppo bassi a causa di una condensaxioDe prematura e sono 
incerta anche perchft il calore specdfico dei tiquidi in genere, non 6 
esattamente conoeciuto. 1a massima parte dei risultati pubblicati 
prima del 1900, possono essere piil ba^ di 10 joules o anche pid. 

Per le soetanse segnate con (t) il valore dato k preso dalle tabelle 
riportate nella sexione seguente a p. 138. 

temperature chi u se tra parentesi ( ) significano che non 
trovandosi indicata la temperatura nella memoria oiiginale si d 
[neso il punto di eboQixioiie normale. Il valore corrispondente 
dd rapporto di TVouton d anche chiuso tra parentesi. 


Trouton’s ratio, y*- 273. n., 

!^Tablx 


Formula 



Trou ton’s 
ratio, 
UIT 


HBr 


sea, 

SOiCI. 

S| 0 |C 1 | 

CISO.H 

NH.t 

HNO, 

N,Ot 

N, 0 , 

NH 4 CI (solid) 

PCI, 

Si(OCH,),... 
9i(OC,H,),... 
CO 

co,t 

SiCl, 

SnCI, 

Ba, 



C-Tablb — C-A rrangement (v, VoL III, 


FormalA 


Nsme 

Cymnogen ehlorkU 
Carbon tetrachloride. 

Carbon diaulfide 

Chloroform 

Hydrocyanic acid. . . 
Methylene chloride. . 

Formic aoid 

Methyl chloride 


Ut 


CHJ 

CHaNO, 

CH 4 

CHiOt 

Ctd, 

C,N, 

CtHCU 

C,HCI,0 

CtHiCSfO, 

CjHgCld 

CtHiCIO 

C$H,C1,0, 

C,H,N 

CfHiBrt 

CtH<Cl, 


Methyl iodide 

Nitromethaoe. 

Methane 

Methyl alcohol 

Tetr*oh]aroethri«o«* • . • 

Cyanogen 

Trichloroethylene 

Chloral 

Diohloroaeetlo arid 

1, 1, 2 , 2*Tetrachloro- 

ethane 

Acetyl chloride 

Chloral hydrate 

Acetonitrile 

Ethriaaa bromide 

Ethylene chloride 


194.4 


CiH«Cl, } Ethylidene chloride 


C,H«0 

C«H«0 

CsH«0,t 

CiH,0, 


Acetaldehyde. . . 
Ethylene oxide. 

Acetic arid 

Methyl formate 


80.1 


00.1 

(83.5) 

80.3 

53.1 

03.8 
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137 


Formidal 


N 


iC-TABur — (CcfUinued) 

l,"C 


C-Tablb — (ConHntted) 


I 


U/T I Ui. 


CtHiBr 

CAa 


Blhjd bromide 
BStb^ diloeide. 


OsHiOlO 

C4HJ 

CsHt 


C»B«Ot 

CiH«Ot 

CiHfN 

CtHiN 

CaHiOt 

C»H«0 

CaHeOi 

CaHfO. 

CtHtOi 

CtHaOr 

CaHt 


CaHiOt 

CaHiOt 

CaBiOi 

CaHaO 

CaHaOa 

CaHrClOa 

CaHiN 

CaHiO 

CaHiOt 

CaHiOt 

CaHaOa 

CaHiOt 

CaHiOa 

CaHil 

CaHiNO 

CaHii 


CaHii 


CaBiiO 

CaHiiO 

CaHiiO 

CaHiiO 

CaHiiOt 

CaHuN 

CaHaOa 

CaHaN 

CaHiN 

CaHii 

CaHiiO 

CaHiiO 

CaHiiOi 

CaHiiOt 

CaHiaOa 

CaHuOa 

CaHaaOt 

CaHuOi 

CaHiiOa 

CaHuOa 

CaHiiOi 

CiHiiBr 

CaHiiI 

CaHiiN 

CaHia 

CaHiaO 

CaBtiO 


S-Chloroethyl oloohol 

Ethjl iodide 

BtluiM 


EUqd 

dlyod 

Etbyloinine 

Propionitrile 

Aoetooe 

Ally! eloobol 

EUiy! formate 

Methyl aeetate 

PropiMiiQ acid 

Dimethyl carbonate 
Pronaiae 


fa>Propyl aleohol 

laoiMropyl adoohol 

MethylaJ 

Furane 

Acetic anhydride 

d-Chloroethyl acetate. . 

n>Butyronltrile 

Methyl ethyl ketone . . . 

a*Butyric acid 

laobutyric acid 

Ethyl acetate 

Methyl propionate. . . . 

n-Propyl formate 

«i-Butyl iodide 

Methjrl ethyl ketoxime. 
Butane 


laobutaoe 


n*Butyl alcohol 

laobutyl alcohol 

Me.'&otyl aleohol 

(erf.'Butyl alcohol 

Ethyl ether 

Diethylamine 

Furfural 

Pyridine 

n-Valeronitrile 

Amylene 

Diethyl ketone 

Methyl iaopropyl ketone 

a-Butyl formate 

laobutyl formate. ...... 

Ethyl propionate 

Methyl n»butyrate 

Methyl iaobutyrate 

a-Propyl MeUte 

n*Valeric acid 

laoyaleric acid 

Diethyl carbonate 

n-Amyl bromide 

O' Amyl iodide 

Pip^dine 

laopentane 

a- Amyl alcohol 

laoamyl alcohol 


38.4 

260.8 

87.8 

4.7 

389 

00.3 

16.0 

887 

86.6 


386 


26.0 

386 


126.6 

614.6 

103.7 

71.2 

190.9 

86.6 

0 

314 


- 10 

341 


- 20 

364 


- 30 

386 


- 40 

408 


- 90 

lOso 

177.3 

78.3 

865 

112.0 

197 

800 

106.6 

(15) 

6 I 1 

(96.6) 

07 

662 

83.6 

66.1 

521 

01.9 

(96) 

684 

(107.6) 

63.3 

406.8 

02.3 

0.0 

477 


66.3 

410.6 

02.3 

139.3 

413.6 

74.3 


369 

01.6 

20 

349 

+ 10 

362 


0 

376 


- 10 

387 


- 20 

399 


- 30 

410 


97.2 

688 

111.6 

82.3 

667 

116.4 

42 

374 

00.8 

31 

399 

89.3 

137 

277 

68.9 

141.6 

338 

99.9 

117.4 

481 

86.1 

78.2 

443.4 

91.0 

163.6 

A77 

96.2 

154 

467 

96.3 

0.0 

427 


79.0 

366.6 

91.7 

80.0 

368.9 

92.0 

129.6 

102.1 

87.8 

182 

486 

92.8 

20 

366 


10 

376 


0 

383 

81.4 

20 

333 1 


+ 10 

345 , 


0 

366 j 


- 10 

366 

80.8 

116.8 

691. a 1 

112.4 

106.9 

678 

112.7 

98.1 

662. s 

112.3 

83 

646 

113.6 

34.6 

361 

84.6 

68 

381 

84.1 

160.6 

460 

99.6 

114.1 

449.4 

91.8 

129 

403 

83.3 

12.6 

3U 

77.1 


380 

87.6 

92 

376 

88.7 


363.1 

98.0 

■CSEI 

328.6 

90.7 

97.6 

335.2 

92.3 


334 

90.8 

91.1 

327.0 

91.7 


336.0 

91.9 

BSU 

432 

96.4 


423 

96.1 

ISM 

306 

90.6 


20a 

(75.0) 


194 

(92.1) 

106 

374 

84.0 

13 

371 

93.6 

131 

603 

109.7 

130.2 

501.4 

109.3 


(»•) 

(»») 
(Tt.a) 

(7e.i) 
(Te.i) 

(•’) 

(•») 
(la.f) 

(>»*•) 
(la.i) 

(la.i) 

(>»•») 
(«^) 

t. p. 138 

(4i)e 

(47)e 

p. 138 

(<•) 

• 7) 

:»•) 

(”) 

*•) 

•) 
i.i) 

a.f) 
a.i) 

a.i) 
a.i) 

p. 138 
p. 138 

*) 

17.2) 

(•) 
n 

{*•)* 

(>») 

') 

(M)* 

(»») 

»7> 

(”) 

•) 

») 

•) 

•) 

») 

») 

») 

(•») 

(•») 

(•») 

(»■) 

t. p. 138 

(»•)♦ 

(•») 

(•^) 

(»•) 

(») 

(♦•) 

(40)# 

(•») 

(•') 

(•») 

(*•) 

(»») 

(•») 

(»») 

(>•) 

(47)# 

(•) 

(»)• 

(«’) 

(’•) 

(••) 

/*7\ 


CtHu 

CrHii 

CtHuO 

CtHhO 

CtHkOi 

CrHiiOi 

C7H14O1 

C7H14O1 

CiHiiOa 

C7H14O1 

C7Hl40t 

C7 Hu 

CtHkO 

CtHiO 

CiHii 

CiHu 

CsHii 

C«Hii 

CiHuN 

C«Hi« 

C«Hi«0 

CtHtcOt 

CsHiiOi 

CiHiiOi 

C«Ui«Oa 

C.Hu 

CiHu 

CiHuO 

CtH O 

C«HuN 

CsHuOt 

CiHij 

CiHit 

CiHi, 

CiHuOa 


Formula 

1 Name 

1 «i*c 

1 

H3E1 

CiHifO 

feH.-Amyl alcohol 

102 

1 448 

104.1 

CaHiaO 

Ethyl propyl ether 


846 

91.6 

CiHmN 

n-Amylamine 

96 

418 

97.8 

C«HiBr 

Bromobenaene 

166.0 

241.1 

88.2 

CtHiCl 

Chlorobenaene 


824. • 

00.6 

CiHiNOi 

Nitrobenaene 


331 

84.3 

CtHtt 

Benaene 


394.8 

87.2 

CaHyN 

Aniline 

183 

434 

88.6 

CtHiN 

ofPiooline 

129 

380 

88.0 

C«Hm 

Cyclobexene 

81.6 

371 2 

86.9 

CtHwO 

Mesityl oxide 

128 

369 

87.8 

CaHiiOi 

Diethyl oxalate 

186 

283 

90.3 

CiHiiCl 

Cyclohexyl chloride 


313 

80.4 

CiHiiN 

Capronitrile 

166 

369 

83.6 

CiHia 

Cyclohexane 


358.8 

86.4 

CiHii 

Hexylene 

0 

388.3 


CiHifO 

Cyclohexanol 

161.1 

463 

104.6 

CiHitO 

Methyl n-butyl ketone. . . 

127 

346 

86.3 

CiHifOa 

n-Butyl aeetate 


300 

00.4 

CiHiaOt 

Ethyl n-butyrate 

118.9 

312.6 

92.6 

CiHiiOa 

Ethyl iaobutyrate 


301.6 

01.6 

CiHisOi 

laoamyl formate 

123 

308 

90.3 

CiHitOa 

laobutyl acetate 

116.6 

308.7 

92.3 

CiHiiOa 

Methyl n- valerate 

116 

29a 

87.4 

CcHifOa 

Methyl iaovalerate 

116 

303 

90.4 

CiHiiOa 

n-Propyl propionate 

120.6 

306.2 

90.3 

CiHti 

n-Hexane 

0 

373 




66.9 

342.1 

86.7 



68 

332 

83.8 

CiHiiO 

Ethyl iaobutyl ether 

79.0 

313 

90.8 

CiHiiOt 

Acetal 

102.0 

277 

87.0 

CiHiiN 

Di-n-propylamine 

108 

317 

84.2 

CtHiN 

Benionitrile 

180 

367 

81.0 

CtHiO 

Benaaldebyde 

179 

362 

84.9 

CtHiOi 

Salicylaldehyde 

196 

313 

81.6 

CfHiCl 

^Chlorotoluene 

168.1 

304 

89.2 

CtHtCI 

p-Chlorotoluene 

160.4 

306.1 

89.4 

CiHi 

Toluene 

109.6 

362.2 

87.2 

CtHiO 

Phenyl methyl ether 

163 

341 

86.6 

CtHiO 

Benayl alcohol 

204.3 

' 470 

106.4 

C/HiO 

m-Creaol 

202 

421 

96.8 

CtH.N 

Methylaniline 

104 

400 

91.7 

CrHtN 

o-Toluidine 

108 


00.6 



198 

382 

86.8 


1 nr 


Dimethyloyclopentane. . . 

Methylcyclohexane 

Dipropylketone 

Methyl n^myl ketone. . . 

a-Butyl propionate 

laobutyl propionate 

Ethyl 7»-valerate 

Ethyl iaovalerate 

laoamyl acetate 

o-Propyl n>batyrate 

n-Propyl iaobutyrate. . . . 

fi'Heptane 

n-Heptyl alcohol 

Acetophenone 

Ethylbenaene 

o-Xylene 

»v-Xyleue 

p-Xylene 

Dimetbylaniline 

Dimetbylcyclohexane. . . . 

Methyl hexyl ketone 

laosroyl propionate 

laobutyl n-butyrate 

laobutyl iaobutyrate 

n-Propyl iaovulerate 

4-Methylheptane 

7»-Oetaae 

n-Octy! alcohol 

dZ-aec.-Octyl alcohc^ 

Diiaobutylamine. . 

Ethyl benaoate 

Meeitylene 

n-Propylbenaene 

Paeudocumene 

laoamyl n-butyrate 


91 

- 99.9 
143.6 

149.2 
144.9 
137 

98 

144 

143.6 

143.6 
134 

97.6 

176 

203.7 

135.2 
141.4 
138.6 

137.1 
193 
118. a 
173 
161 
157 
148 
166 

117.2 
126 
196 
160 
134 

(213) 

166 

167 

(109) 

169 


339 

321.9 
317 
346 

300.3 
27a 
32a 
284 
289 
286 
267 

319.4 
439 
323 

339.6 

346.9 

342.6 
339.1 
338 

300 

310 
273 
270 
266 
270 

296.6 
297 
408 
396 
276 
270 

311 

301 
308 
259 


91.4 

84.7 
86.9 

93.6 
82.0 

76.8 
99.3 

77.7 

79.2 

78.3 

74.9 

86.3 
113.6 

81.4 
88.3 

88.8 

88.3 

87.7 

87.8 

86.9 

89.1 
90 7 
00.6 

99.7 

90.7 

86.7 

85.2 
113.2 
U3.6 

87.3 
(83.6) 

86.3 
84 1 

(83.8) 

02.7 


(>•) 

(••) 
(»•)• 

(•») 

(•’) 

(4 a)# 

«. p. 138 
(»••) 

(»•)# 

(•») 

(4i)# 

( 4 #)# 

(••) 

(47)# 

(•n 

(*•)• 

( 40 ) 

(44)# 

(>•) 

(»T) 

(•») 

(>•) 

(•n 
(••)# 

(>•) 

(»»> 

(*•)• 

(H)* 

(••) 

(4*)# 

(»•)♦ 
(Si)# 

(4t)# 

(40)# 

(•^) 

(•») 

(•») 

(40)* 

(•’) 

(47)# 

(4#)# 

(40) # 
(44)# 

(41) # 

(•») 

(44)# 

(47.4) 

(•») 

(••)* 

(40)« 

(>•) 

(»») 

(>•) 

(40)# 

(•^) 

(*•) 

(47)# 

(•^) 

(•») 

(•’) 

<40)# 

(44)* 

(4*)e 

(»•) 

,(»•) 

(»*) 

(!♦) 

(•») 

(”>♦ 

(*•) 

(»•) 

(44)# 

(44)# 

(*•) 

(«»)• 

(44y. 

(»•) 
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Formula 

CtHitOs 

CiHitOt 

C»Ha 

CipHiiO 

CuH|4 

C|»Hi40 

CuH|4 

CmHu 

CwH»Ot 

CmH»Oi 

CitHtt 

CitHnO 

CiiBifOt 


<r-TABLK. 

Name 

— ^ 

boamyl iaobutyrate. . . . 

laobutyl n>valerate 

laobutyl ieoralerate 

Naphthalene 

Anethole 

p-Cytnene 

Carraerol 

Limonene 

Turpentine 

Ethyl eaprylate 

leoamyl iHralerate 

a-Deeane 

a«Amyl ether 

Ethyl nonylate 


—(Continited) , 

J \ ^ I t,at r I 1^ 

108 24t 80.6 

160 24a 80.6 

169 263 00.6 

218 316.0 82.4 

232 200 87.7 

176 283 84.6 

237 286 83.0 

166 201 00.4 

166 28t 01.1 

207 263 00.7 

187 28» 88.0 

160 262 82.7 

(170) 20i (104) 

227 243 00.5 


Lit 

(••)* 

(••)♦ 

(>•) 

(••) 

(»*)• 

(*•) 

(•*)• 

(••)• 

(••)• 

(»») 

(••)* 

(*•)* 

(*•)• 

(»») 


SPECIAL TABLES 
Arthttr Whitmore Smith 
I, joule/g; normal boiling points in bold-face type 


H,0 (»•, 21, 31, 

34, 42, 86, 66, 73) 


ty ®C 
0 
6 
10 
16 
20 
26 
30 
36 
40 
46 
60 

65 
60 

66 
70 
76 
80 
A6 


I 

2494 

2482 

2471 

2469 

2448 

2436 

2426 

2413 

2402 

2390 

2379 

2368 

2367 

2346 

2333 

2321 

2309 

O^KIT 


SOa (1^ »* 

•7.6, 86, 71, 60) 


-60 

-10.06 

-10 

0 

+10 

20 

30 

40 

60 

60 

157 


650(?) 

397 

± 2 % 

397 

382 

367 

362 

338 


N,0 (*7, SB, 87.5, 
88, 80) 


<, ®C 
-30 
-20 
-10 
0 

+ 10 
20 
30 
37 


/ 

284 

276 

263 

246 

217 

171 

96 

0.0 


NH« (63, 30, 38 
• 4) 


-46 

-40 

-36 

-33.4 

-30 
-26 
-20 
-16 
-10 
- 6 
0 


1401 
1388 
1373 
1369 
± 0 . 2 % 
1359 
1344 
1329 
1313 
1296 
1280 
1262 
f below 


•7, 88, 60, 60, 73.8 



60 

80 

80.2 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

288.5 


iCo7U*d) 

I 

408.0 

394.2 

394.8 
± 0 . 1 % 

379.1 

362.8 

346.7 

328.5 
3ia.l 

286.6 

259.9 
226.4 

183.3 

114.7 
0.0 


CH40 .(t3. 54, 

87, 88, 75, 70, 80) 

Methyl alcohol 
0 1190 

20 1170 

40 1140 

60 1110 

64.7 1100 

± 2 % 


CO, (1, a 

y 17, 43, 

81.8, 87.8, 88, 

80 

1 

) i 

-78.5 

677* 

±2% 

-60 

366 

-60 

349 

-40 

333 

-30 

312 

-20 

288 

-10 

263 

0 

234 

* For the eolid. 

Conitnued below 


80 

100 

120 

140 

160 

180 

200 

220 

240 


1060 

1010 

950 

890 

810 

730 

620 

460 

0.0 


1 

T 

ill 


1 
T 


I 

T 

vT 


±3% 

396 

370 




C,H,0 (i». »«, 4«, 

88, 87, 88, 78, 76, 
86 ) 

Ethyl alcohol 


ty ^C 
0 
20 
40 
60 
78.3 


I 

920 

910 

900 

880 

855 

±4% 

850 

810 



HaO, 

HiO 

ty "C 
120 
126 
130 
135 
140 
146 
160 
166 
160 
165 
170 
176 
180 


I 

I 


CaH.O 

iy X 

100 

120 

140 

160 

180 

200 

220 

240 

260 

261 


(Con^d) 

I 

± 1 % 
683 
637 
693 
637 
484 
426 
356 
264 
139 
n n 


CQa. 
t, X 

80 

100 

120 

140 

160 

180 

200 

220 

240 

oan 


(CofO'd) 

I 

±0.3% 

193.8 
186.6 

176.8 
167. 
160.< 
148.: 
137.( 
123.1 
107.^ 

QA 


CaHsO (»«, 1«, 48 
87) 

Isopropyl alcohol 


C*H,oO (15,16,41, 

57, 88, 77) 

Ethyl ether 

0 387 

20 366 

34.6 351 

± 2 % 

40 346 

60 326 

80 303 

100 282 

120 267 

140 228 

160 186 

180 125 

190 0.0 


CCI 4 (44, 87, 88, 


CHCJl, (54, 87,81, 
78, 78) 

0 271 

20 263 

40 266 

60 247 

61. 6 247 

± 1 % 

80 239 

100 231 

260 0.0 


CS, (»V»«. «) 


79) 


0 

76. 76 


217.9 

194.3 


NHa (••» 87.8, 84 
84, 88.7, 78.S) 


CO,* (!•, •«•» 

87.7, 88.8) 

56.6 
65 
50 
45 
40 


0 

20 

40 

46.36 

60 

80 

100 

120 

140 

273 


nCAL PO 
CO,.*— ( 

iy X 

-35 
-30 
-26 
-20 
-16 
-10 
- 6 
0 

+ 6 
10 
15 
20 
26 
30 
31.1 


374 

366 

366 

362 

±0.3% 

344 

331 

316 

300 

282 

0 . 0 . 



280 


267 

244 

230 

214 

106 

174 

147 

112 

60 

0 



• Thia table la baaeo 
primarily upon the 4ato 
of (ar.i) while the table 
ciTen abore ia in agree- 
ment with the daU of 
(•!.•) Mttd the ddcr 

literature. 
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HEAT OF ADSORPTION 
Abbreviations and Units 

A Totalamount of gas adsorbed per g of adsorbent, expressed in 
cm* reduced to NTPj unless otherwise indicated. 

Q Total heat evolved by the adsorption of A, joules. 

Oases on Charcoal 

A, cmVg I Qj joule range mm Hg AQ/AA 

Coconut C, heated to 660% and out-gassed at 400* (d - 1.86) (»6) 

N,, 0*C 


0.268 

0.366 

0-10.7 

1.38i 

2.210 

2.123 

10.7-91.6 

O.OO 4 

4.169 

8.764 

01.9-178.0 

0.838 

7.237 

6.468 

178.0-342^2 

0.883 

10.062 

8.934 

342.2-624.4 

0.879 

18.040 

11.689 

624.4-748.0 

0.887 


NHfc 0*C 


6.407 

11.889 

0-2.9 

2.106 

80.167 

1 

60.877 

2.0-28.8 

1.59s 

60.394 

06.430 

28.8-78.7 

1.607 

90.290 

1 

140.181 i 

78.7-161.0 

1.46s 

116.726 

177.663 

161.0-310.2 

1.478 

127.046 

•1 

106.333 

310.2-400.0 

1.666 

132.887 

203.071 

400.0-636.4 

1.615 

135.873 

200.638 

636.4-746.7 

1.628 


Qf joulb I Pf range mm Hg 

out-gassed 
CO,, 0*C 


2.286 

3 . 3 O 0 

0-2.2 

11.310 

16.543 

2.2-18.7 

22.566 

29.916 

18.7-66.1 

33.416 

43.539 

66.1-122.1 

43.004 

56.436 

122.1-229.3 

60.860 

64.021 

229.3-337.7 

66.037 

1 

(71.698) 

337.7-471.3 

61.639 

77.345 

471.3-606.6 

66.112 

81.467 

606.6-730.9 

Active coconut C; 

out-gassed at 360® (i 


CCl., 0°C 

23.66 

70.6 

0- << 4 

39.60 

111.4 

< < 4- < 4 

60.04 

174.6 

< 4-4 

78.32 

216.6 

4-10 


cs., o°c 

23.01 

68.8 

0-<<3 

48.40 

111.8 

<<3-<<3 

70.02 

167.5 

<<3-<3 

97.94 

216.3 

<3-3 

127.67 

273.7 

3-12 

163.19 

321.7 

12^ 


AQ/AA 

1.86) ri4) 

1.443 
1.367 
1.278 
1.254 
1.23o 
1.222 
(I.II 4 ) 
1.19e 
1.187 


2 9 » 

2.60 

2.96 
2.36 

2.44 

2.1s 

2 .I 1 

2.07 

1.97 

1.88 
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Gases on Charcoal. — (Continued) 

Ay cm*/g I Q, joule | P, range mm Hg I AQ/AA 

Active coconut C, out-gassed at 360® (U) 

CHCl,, 0°C 


22.30 

62.4 

0-<<7 

2.8o 

46.49 

123.1 

< < 7-< 7 

2.62 

78.36 

204.4 

<7-7 

2.47 

107.10 

274.2 

7 

2.43 


CHjOH, 0®C 


21.67 

66.0 

0-< < 13 

2.59 

47.42 

115.7 

< < 13-< < 13 

2.32 

76.27 

179.0 

<< 13-< 13 

2.27 

103.27 

240.4 

< 13-13 

2.198 

127.40 

293.3 

13-18 

2.192 


CiH^Cl, 0®C 


29.10 

67.2 

0-< < 15 

2.3i 

42.66 

96.3 

< < 15-< < 15 

2.15 

67.01 

145.6 

< < 15-< 15 

2.02 

102.81 

214.3 

j < 16-15 

1.92 

124.80 

265.4 

A 

15-52 

1.87 


C,H.Br, 0°C 


48.90 

124.9 

0-< 10 

2.5e 

91.73 

219.9 

< 10-10 

2-22 

120.48 

281.0 

10-37 

2.13 


C,H J, 0®C 


34.42 

-90.9 

0-< 2 

2.64 

67.62 

173.3 

< 2-2 

2.49 

99 17 

261.0 

2-5 

2.4e 

124.72 

310.2 

6-39 

2.32 


C,H*OH, 0®C 


4.69 

16.15 

0 

3.3o 

8.40 

26.24 


2.9i 

14-23 

42.64 


2.8i 

27.83 

79.98 


2.75 

46.91 

129.8 


2.6i 


HCO,C,H„ 0®C 


32.30 

91.0 

0-<< 10 

2.85 

62.88 

168.5 

<< 10-< 10 

2.6o 

96.73 

249.8 

< 10-10 

2.4o 

120.16 

305 • 6 

10-35 

2.38 


(C,H.),0, 0®C. 


18.10 

66.0 

0-<<< 10 

3.1o 

37.68 

109.1 

< < < 10-< < 10 

2.7i 

68.07 

163.5 

<< 10-< 10 

2.67 

86.77 

* 

225.1 

< 10-10 

2.15 

99.34 

263.7 

10-63 

2.28 

1 

C.H., 0®C 


28.37 

80.2 

0-< 2 

2.88 

64.70 

160.3 

<2-2 

2.64o 

81.03 

219.9 

2-3 

2.647 

102.04 

273.8 

3-13 

2.54 


Inactive coconut C, out-gassed at 360® i ) 

ca4, o®c 


24.33 

4 

68.6 

0-< 21 

2.8a 

36.27 

94.4 

< 21-21 

2.16 


CHA)H, 0®C 


32.66 

83.5 

0-<2 

2.5e 

60.95 

149.0 

<2-2 

2.33 

88.36 

211.0 

2-A 

2.2« 

117.00 

274.7 

4-14 

2r23 


CeH*, 0®C 


18.48 

55. • 

0-<4 

3.03 

36.28 

106.5 

<4-4 

2.84 

47.03 

138.8 

4-9 

2.77 


Ay cmVg 


Qy joule I P, range mm Hg | AQ/aA 


SOt on blood C 

21.4 
64.2 

87.4 

123.6 

169.2 

193.8 
226.5 

266.8 

283.2 

323.4 
362.1 

369.7 

386.4 

409.9 

439.9 

466.3 


(puriss. Merck) 
measurements 
41.9 
97.3 

161.3 
206:2 
256.7 
304. 0 

363.4 
398.3 

437.2 
493.9 

633.3 

556.4 
675.2 

600.4 
631.6 

669.5 


oiit-gassed at 460^0 
at -10®C (i«) 

0 - 1.0 
1.0-3. 6 
3. 6-9. 2 
9.2-16.4 
16.4-(31.1) 

(31. 1)^.0 
46.0-(71.8) 
(71.8)-(103.2) 

(103.2) -136.4 

136.4- (246.3) 
(246.3)-397.3 
397.3-633.0 

533.0- (653.2) 

(653 . 2) -720 . 6 

720.5- 755.0 

765.0- 764.0 


(d - 1.63 

1J>36 

1.69i 

1.626 

1.49a 

1.44s 

1.366 

1.51o 

1.483 

1.47a 

1.411 

1.371 

1.31S 

1.12s 

1.078 

1.036 

1.059 


C from the wood of Evonymue europaeusy out-gassed at red heat (*) 

Air, 0®C 


7.44 

32.17 

62.16 

72.31 


1 3.37 


0-705 

CHiCl, 

o 

0 

o 

65.47 


0-3.77 

124.5 


3.77-147.81 

144.8 

1 

147.81-676.4 


0.45a 

2.036 

1.96s 

1.997 


Active 


md out-gassed 
Ot, 0®C 


900®C (•) 


0.403 

6.23 


0.806 

8.87 


2.24 

12.56 


6.17 

15.48 


10.19 

19. 9e 



H,0, 0®C* 

0.921 

32.89 


2.710 

112.37 


4.56 

194.27 


6.42 1 

275 ;7i 



Cl,, 0®C 

0.31 

1.8o 


0.74 

3.77 


6.62 

27.79 


a 

NH„ 0®C 

3.70 

9.37 


14.92 

26. li 


24.76 

40.93 


34.46 

55.08 



CO,, 0®C 

3.80 

6.69 


12.01 

16.15 

1 

31.06 

40.47 



(C.H,)A O'C 

6.92 

21.98 

1 

14.04 

42.39 


22.21 

63.15 


29.98 

82.48 


37.04 

94.41 


47.36 

107.6 



CCliNO,, Chloropicrin, 0 

0.307 

20.84 


0.672 

42.48 


1.012 

69.89 



12.98 

9.08 

2.67 

l.Oo 

0.89 


-I 36.7 
44.4 

44.8 

43.8 

6.8i 

4.58 
5.0a 

2.58 
1.5i 
1.5i 
1.4s 

1.5o 

1.27 

1.28 

3.l7 

2.87 

^.54 

1.68 

1.28 

67.0 
59.8 
51. a 


* it In mflBmolw per grem. 
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A, cmVg I <?, joule I P, range mm Hg | AQ/AA 
Activated C dried at 150^ and out-gassed at 100® (>*) 



0 

1 , 0®C 


4.39 

3.22 

0-370 

0.733 

8.64 

6.13 

370-802 

0.702 


CO, 0®C 


4.84 

4.01 

0-233.1 

0.83 

9.40 

7.60 

233.1-640.1 

0.79 

CH4, 0®; P corr. for Nt (10%) present 


4.71 

4.61 

0-63.0 

0.98 

9.23 

8.96 

63.0-169,2 

0.9s 

13 . 67 

12. 8i 

169.2-320.3 

0.89 

17.72 

16.2? 

320.3-617.0 

0.83 


0* on *‘Norit” out-gassed at 900®C (*) 


®C 

A I 

Q 1 

P, range 

Q/A . 

16 

0.216 

2.69 

0- 

12.0 

200t 

0.302 

6.43 

0-2 

21.8 

310 

0.168 

5.07 

0-2.7 

32.1 

460 

0.133 

6.65 

0-3.4 

41.7 


t Abore 200** COt U formed and a oorreotion haa been applied for this heat of 
reaction. 


Various gases on coconut C at — 186®C; A is cm* of gas adsorbed 


per cm* (0.6-1 g) of charcoal from 0 to ca. 760 mm (^) 


Qaa 

A 

Q 1 

Q/A 

A 

176 


0.698 

He 

16 

8.37 

1 

0.568 

0 , 

230 

142.3 

0.619 

H, 

136 

38.9 

0.288 

N, 

165 

106.7 

0.688 

CO 

190 

115.1 


2Hi 4 Oi 

150 

71.1 

0.474 

2CO + 0 , 

195 

144.4 

0.740 


Oases on various kinds of charcoal at room temperature and 
from 0 to CO. 760 mm; A and Q vary with the nature of the char- 
coal but the ratio is approx, constant (^) 


Gas 

1 HCl 

1 HBr 

1 

HI 

NiO 

Q/A 

1 0.42* 

1 0.692 

1 

0.984 

0.332 


Gases on Metals 

on Ni catalysts at 0® C^) 

A, cm* I Q i aQ/aA 


Catalyst 1. Prepared by heating NiCOt at 300-320® for 120 
hr and out-gassing at 300®; adsorbs 0.0 cm* Ht per g at NTP 


0.0396 

0.1895 

4.77 

0.0772 

0.308s 

3.18 

0.114 

0.4184 

2.98 

0.180 

0.5949 

2.68 

0.260 

0.793s 

2.49 

0.706 

2.029s 

1 2.34 

Catalyst 11. Reduced for 00 hr; contained 13.6% ThOi; adsoibs 


0.72 cm* fit per g at NTP 

0.0&16 

0.0804 

2 . 6 s 

0.0612 

0.232s 

6 .I 1 

0.0918 

0.4187 

6.08 

0.1211 

0.693a 

6.67 

0.2082 

1.014s 

4.96 

0.2468 

1.1646 

4 .O 1 

0.832 

1.8681 

2.28 

0.722 

2.198s 

2.14 

COt on Ni catalyst at 0 


Catalyst 111. Reduced from the oxide for 260 hr at 300-320®; 


contained 4% CeiO 

1 

0.082 

0.271 

3.29 

0.619 

1.04 

1.48 

0.874 

1.24 

a. 789 


H* on Ni and Cu at room temperature. The Ht contained an 

unknown but negligible amount of Ni (*) 


A, cm* 


Q 


Pf range 


aQ/aA 


On Ni reduced from NiO at 300®; results are greatly afiFected by 

previous treatment of the Ni 


0.403 

0.998 

0-2.7 

2.48 

0.865 

2.086 

2. 7-8. 7 

2.35 

1.123 

2.792 

8 . 7-703 . 4 

2.73 

On Cu reduced from CuO by Ht at 146® 

0.438 1 

0.786 

0-760 

1.793 


Gases on Ni at 0® and from 0 to 760 mm (®) 

H, 


Out-gassed 
at f, ®C 

A 

Q 

QfA 

304 

6.2 

16. 7o 

3.03 

240 

3.7 


2.97 

106 

2.9 

8.66 

2.95 

146 

2.1 

6.49 

2.61 

420 

r.8 

4.2s 

2.38 

90 

1.6 

3.22 

2.16 

0 

0.54 

l.l6 

2.15 

Gas 

A 

Q 

Q/A 

C.Hi 

0.88 

1.04 

1.18 

CjH# 

0.76 

0.78 

1.05 


Hi and Oi on Pt-black at 0® and from 0 to 760 mm (**); for Hj 
on Pt-black carefully freed from Oi, A =» 0.87 cm* and AQ/aA *=» 
2.68; for Oi the values of Q/A vary from 6 to 18 joule/cm*. The 
authors consider 6.6 as the best value. 


Gases on SlOs and on Meerschaum 
On meerschaum (d *» 2.76) (*) 


A 

Q 

P, range 

aQ/aA 


SO,, 0® 


24.24 

46.8a 

0-98.9 

1.932 

46.14 

74.18 

98.9-377.1 

1.247 

67.76 

W.99 

377.1-687.4 

1 

1 


NH,, 0® 


24.23 

92.95 

0-0 

3.84 

48.26 

150.07 

0-5 

2.38 

72.29 

201. li 

6-37.1 

2.12 

95.26 

239.64 

29.3-214.96 

1.68 

s 

116.74 

270.22 

214.96-676.6 

1.42 


CHtCl, 0® 


20.96 

41.07 

0-^.9 

1.959 

39.60 

66.78 

34.9-484.9 

1.38o 

41.72 

69.67 

484.9-661.9 1 

1.356 






t 


On SiOi gel dried at 300® for 2 hr and out-gassed 

tained d.6-5.6% HtO 


1 » 


I 


Pf range | aQ/AA 


SO.. 0 


19.80 

32.42 

66:43 

80.71 

123.1 

1^.3 


1.826 

6.361 

12.86 

16.36 

10.94 


41.86 

0-4.2 

2.118 

64.87 

4.2-11.8 

1.824 

108. 0 

11.8-40.1 

1.79s 

145.6 

40.1-102.5 

1.549 

211.8 

102.6-388.8 

1.56a 

233.6 

388.8-611.2 

1.130 

in the same gel, 0®; A in millimoles 

113.0 

0-0.3 

61.88 

349.0 

0.3-0. 8 

52.04 

667.0 

0.8-2. 1 

47. 4o 

771.7 

2. 1-3.4 

45.88 

976 . i ! 

3. 4-4. 6 

44. 3i 
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INTERNATIONAL CRITICAL TABLES 


From Aqueous Solutions 

Crystal viol6t on wetted blood charcoal (Merck) at room temp.; 
A in milli moles (*) 

^ ^ I Q I AQ/AA ~~ 

031 13.42 43.3 

9 14.03 I 5.55 

Salts on wetted blood charcoal (Merck) at room temp.; A in 
millim oles (*®) 

I ^ I Q i oZi 

On Charcoal 1. Heat of wetting = 25 11 J 

0 214 5.36 25.0 

0.270 7.1i 26 4 

0.354 12.05 34.1 

On Charcoal II. Heat of wetting = 35.15 J 

0.202 7.53 37.2 

0.248 10.80 43.5 

0 336 16^49 49.0 

LITERATURE 

» Isey to the pcnodicalB see end of volume) 

( ) Be^ and Taylor. ).4S: 43 ; 24 . (*) Blench and Garner, 4 , IM : 1288 - 24 . 

( ) Ch^ppuis, 8 , It: 21 ; 83 . ( 4 ) Dewar, 6 , 74 : 122 ; 04 . 6 , 8 : 6 ; 04 . (») 

1 ^’ Foreati, 36 , U; 487 ; 23 . 84 : 132 ; 24 . S 8 ; 185 ; 

25 (T) Frybng. SO . $ 0 : 818 ; 26 . (•) Keyee and Marshall. J . 49 : 156 ; 27 

1 ') Kniyt and van der Spek. SS , 14 : 145 ; 19 

^*** 2 Jr' ^ 3 : 26 . ( 11 ) Lamb and CooUdge. /. 41 : 1146 ; 

n. J Shields. 7 . Si: 667 ; 98 . (i») Patrick and 

Sr 1 * 1 ^' 7,74 : 641 : 10 . (i») Whitehouae, 

HEAT OF WETTING 

Except as otherwise indicated the values given represent heat of 
compute wetting, Q, in joules per g of the dry material. 

In^x. The numbers are table numbers except those in ( ) 
which are literature references (v. p. 143). 

Liquid \ Fibers | Soils rColloids I PbSO- 


6(12, 
20, 28, 
34) 


H,0 


Colloids I PbSOs 


10, 11 18 




Char- 

coal 


SiOs 


1, 2, 6, 1, 3, 4, 

12 to 16 6, 6, 11, 

12 

CSi, Carbon disulfide 1, 2, 15 1 

CCI4, Carbon tetrachloride 1, 2 1, 3 

C*Cl4, Tetrachloroacety- 

lene 15 

CHCl#, Chloroform 2 1, 7 

Hydrocarbons 
CsHis, Amylene 

C|Hi«, Pentane 1 1 

CtHs, Beniene 1, 2, 16, 1, 3, 4 

16 

CsHis, Cyclohexene 

CsHis, Hexamethylene 2 

CtHi*, Hexane 1^ 2 1 

CtHs, Toluene 4^ 7 

CisHis, Flnene 2 

Alcohols 

CHjOH, Methyl 1, 2, 16 1 

CJIKJH, Ethyl 1,2,15 1,3 

CtHiOH, Propyl 1 1 

CsHiiOH, Amyl 2 17 

CsH^HiOH, Bensyl 1 1 


Clays 

and 

earths 

1 , 2 , 11 , 

13 

1.2 

1,2 


Starch, 
cellu- 
lose, etc , 

1 , 6 , 8 , 

9 


1,2 

2 

1 

1,2 

2 

2 

1.2 


1,2 

1,2 

1 

1,2 

1 


u,uid I I ao 

Ethers, esters, ketones, a< 

CiHfO, Acetone 1^ 2 1 

CiHtOi, Ethyl acetate 2 

CiHioO, Ether 1, 15 1, 7 

Fatty acids 1 1 

Naphthenic acids 

N compoimds 

CsHsN, Pyridine 4^ 7 

CeH»NH|, Aniline 3 

CsHsNO*, Nitrobenzene. . . 4 

Miscellaneous 

Petroleum products 2 

Vegetable oils 


SiOj Clsjra Starch 


1,2 

2 

1,2 

1 

2 


17 

17 


Liquid 


Table 1. — Powders Dried at 
Experiments at 12-13® (*♦) 
A lAmorph.l 


100 


H,0 


C«H. 

ca* 

cs , 

C»II T~C«Hi4 


• 

.1 52.7 

64.0 1 

. 46.0 

64.0 

45.2 

61.5 

42.7 

56.5 

42.3 

56.5 

38.9 

56.5 

50.2 

60.7 . 

38.9 

56.5 

32.6 

56.5 

33.6 

66.5 

37.7 

33.5 

24.3 

35.2 

24.3 

33.9 

7.6 

33,9 

7.1 

15.1 

1 6.0 

13.0 1 


12 


Starch 

~86T“ 

23.4 
20.6 
29.3 

13.0 
17.6 
.5-41.8 
.6-16.7 
.6-16.7 

8.4 
8.4 
9.2 

5.0 

7.1 

2.1 

1.26 


Sugar 

charcoal 

16.3 

48.1 
28.9 

23.4 

15.5 

15.5 
60. 2± 

25.1 

25.1 

15.1 
0.6 
5.0 

17.6 
6.3 

16.7 
1.67 


Table 2 (*7) 


Liquid 


Clay 


*‘Floridin 


Bone 

charcoal 


45.6 
43.9 

35.2 
23.4 

19.3 

17.6 
.17.6 

16.3 
22.2 
18.8 
17.6 

I 


56.5 

53.6 


I 

yJli 


73.7 

69.1 

69.1 

44.4 

58.6 


Amylene 329 . 8 

HsO 

Cyclohexene 

CHiCOCH, 

Pinene 86.2 

OH, OH 115.5 91.2 

CHiCOiCjH, j 77.4 

C,H,OH 102.6 72.0 

Cai.NH, 66.1 

CiHiiOH 85.4 46.6 

C,H,OC,H| 43.9 

CHa, 65.7 36.2 

CtH, 46.2 23.4 

Ca, 41.4 19.3 

CS, 39.3 17.6 

Hexamethylene I .17.6 

C,Hu I 30.1 16.3 

Petroleum f B. P., 220-226® 22.2 

fractions* \ B. P., 160-156®. ..... . 18.8 

Gasoline, B. P., 80-86® 17.6 39. 

Mol. wt., 405 59.4 

Naphthenic j' Mol. wt., 298 J 56.5 

acidsf I Mol. wt., 221 1 53.6 


• Treated with faming HiSO, to remove uoeatoreted end etometio hydro* 
cerboae. f Dilated with 90 vcd. % of gmeolioe to deereeee vieeoeity. 
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Table 3 (»*) 

Table 4. — SiOj Outkiassbd at 
Red Heat (>>) 

Liquid 

SiO, 

gel 

Liquid 

Mean diam., cm 

6 X 10-*! 9.6 X 10-* 

H»0 

80.4 

H,0 

67.8 

28 9 

C|H»OH 

94.7 

CiHaNO* 

46 2 

26 2 

CaH# 

46 6 

CiHiCHi 

35.6 

17 1 

20.3 

17 1 

Cdi 

36.2 

CaHe 

CiHaNH, 

73 4 

CaHaN 

60.8 

20.8 


Table 5. — SiOi with HfO (29) 


Specimen SiOt 

Q&t 7^ 

Diam., 
cm X 10-^ 

Joule /m* 

SiOi (glass wool) ' 

3.85 

17.6 

46.0 

SiOa (fine gray sand) 

0.96 

100. 

41.8 

SiOi I (precipitated) 

47.3 

2.6 

43.5 

SiO* II (precipitated).. . . 
SiO* II (precipitated). . . . 

30.1 

31.6 (Q at 24®) 

4.0 

43.9 


Heat of Complete Wetting per g Dry Material (Qi) 

Powders containing varying initial amounts of hygroscopic 
moisture, i mg HiO per g dry powder. 


Table 6. — With HjO 


Powder 

1 • 

! 1 

Qi 1 

i 1 

i Qi 

Cellulose (**» *3); dried in vacuo 

14 

33.90 

74 

mm 

at 116® 

41 

19.67 

261 

ilQ 

* 

54 

1 

16.74 


■II 

Animal charcoal at 0® (**» ^3). 

0 

87. 6i 

663 



49 

73. 9i 

659 



90 

64.20 

718 



218 

49.34 

763 

1.2i 


350 

33.07 

930 

0 


437 

25.32 



SiO, gel at 0' (<) 

a 

23 

77.69 

276 

22.67 

• 1 

67 

60.93 

399 

16.48 


87 

38. 6o 

665 

6.96 


129 

32.14 

769 

0.8o 


188 

27. 2o 



Wood fiber (**). . 

* 

7 

67 1 

j j 



Table 7. — SiOj Gel with Various Liquids (^) 
Liquids 



OaHaCH, 

23 

32.73 

CHCl, . 

13 

32.52 

CaHaN 

18 

60.05 

C,H„OH 

27 

66.87 


C»H„OH ... 

CiHtOCiHj, 


17 

31 

276 


61.3s 

68.69 

37.04 


Table 8. Starch with H*0 at 0° (Heat or Swelling) 

The starch has been dried for 21 days in partial vacuum above 
H,S 04 , Q - 110.6 joule /g (8»), 


Table 0. — Dextrin w ith HtO 

67.6 joule/g (88). 


Table 10. Heat or Swelling and or Solution, per g 
Material (86) 


Material J Amount | +H 1 O Q 


Gelatin 

t - 42.6° 

1 K 

6 g 

+13.0 

f « 42.6° 

1 g + 100% HtO 

4 g 

- 4.18 

t - 34.3° 

Ig +200% HtO 

3g 

- 4.18 

t - 26® 

/ 

1 g + 300% HtO 

2g 

0 

Qnm aiabic j 

1 B 

fig 

+37.6 

Gum tragacanth 

Ig +60% HtO 

2g 

- 2.6 

1 g 

fig 

+43.1 



Table 11. — Colloids with HjO (•) 


CoUoid 

0 1 

{ Colloid 

Q 

Al(OH)* 

89.6 

Silica gel 

101.6 

Fe(OH), 

39.3 

Fiillftria earth . . . 

88.9 

Quartz 

1.88 



T/blb 12. — Silica and Animal Charcoal, with Water (*8) 



Q 

Silica (dried at 2(X)®) 

66.41 

Charcoal (puriss.) 

69 65 


Table 13.— With H,0 (1«» »») 


Coconut charcoal (out-gassed) 

43.9 

Bone charcoal . . . j 

77.4 

Coconut charcoal (containing 0.04 
gH*0) 

14.6 

Fuller's earth 

134 


Table 14. — With HiO 

4 

Graphite preheated iri vacuo. Q = 2,86 joule/g (8^). 

Table 15. — Bayer” Charcoal at Room Temperature (2) 


Liquid 

Q 

1 liquid 

Q 



118 4 1 

CHjOH. 

126.4 

137 3 

CaHa 


CjCU. . . 

CS* 

125.6 

H»0 

51. 6* 

CaHaOH 

118.9 



• With 0.66 cm* HjO per g. Poasibly incomplete wetting. 


Table 16. — Various Charcoals with HiO and CeHe 
The activity, a, is taken as proportional to the adsorptive power 
for Hj (21). d is approximate^ 


a 

1 

d 

H*0 

CaHa 

® , 

d 

H*0 

• CaHa 

10 


20.9 

26.1 

76 

1.87 

164.8 

209.0 

20 


^1.8 

54.4 

,90 


188.3 

261.1 

25 

1.46 

60.2 

71.1 

98 

2.00 

206.1 

272.0 

60 


104.6 

138.1 

100 


209.0 

280.4 


Table 17. — Cu with Oils 

All samples (except kerosene) diluted 1:2 with C«H«; Q for CeH* 

taken as 0 (8) 


Oil 

t 

Q 1 

OU 

Q 

Castor oil 

0.61 

Paraffin nil 

0 16 

Linseed oil 

0.68 

Kerosene . 

0.24 

Lubricating oil, distillate 

0.60 

Kerosene +1% oleic 

Lubricating oil, refined . . 

0.26 

, a 

acid 

0.89 


For temperature rise on wetting charcoal with oils, v. (8*8). 


Table 18. — PBSO4 with Its Saturated Aqueous Solution 
For total surface of 5840 to 32 400 cmVg, Q = 0 (24) . 

LITERATURE 

(For a key to the perifKlicalB see end of volume) 

(>) Andereon, S 41 , M: 927; 24. (*) Andreae and Berl, 7, USl 81; 26. (•) 

Bachmann and Brieger, A5, 86, Zaigmondy No.: 142; 26. (»••) Baohmann 

and Brieger, 66, 86: 334; 26. (<) Bellatl and flnassi, 84, 61: 4; 02. 

(•) Berl and Wach^ndorf, 66, 86, Zaigmondy No.: 36; 26. (•) Bouyonooa, 

*58, 14: 431; 22. (T) Bouyoueoe, 858, 17: 186; 24. (•) Bouyouooa. JSS,*" 
60 : 320; 24. (•) fiouyoucoa, 858, If: 163. 478; 26. 

(>0) Bouyoucos, 858, 80 : 67; 26. (i>) Bouyouooa, Seamd Colloid Strmpooium, 

p. 128; 1926. (>*) Dunlap, Foreat Produota Lab., Madiaon. Wls., 0. (•») 

Eroolini, 68. 6: 110; 99. (»«) Qaudeehon, 54, 167 : 209; 13. (»•) ofU, 

J. Am. 8oe. Agron., 17: 270; 26. (»•) Ourviob, 65, 47:806; 16. <>») Qur^ 

vieh, 66, 88 : 80 ; 23. (**) Harldna and Ewing, 187, 6 : 49; 20. O*) Harkina 
and Ewing, i, 48: 1787; 21. 

(*®) Hedgee, 55, 88: 178; 28. (*») Herbet, 66, 88 : 314; 28. (**) Kata, 6AP 

18 : 968; 11. (»») Kata, 54^, 88 : 649; 23. (*4) Koehl4» and Mathewa. U 

46: 1168; 24, (»•) Linebarger, 8, IS: 48; 01. (*•) McCool and Weido- 

mann, 858, 16: 117, 181; 24. (*T) Magnua, 5, 70: 303; 23. (*»•») Martini, 

5, 47 : 329; 99. 60:618;(X>. 6 : 696; 03. 84,8:602:97. 6 : 927; 98. 86 

II:676;<X). 61 11:847; 02. (**) Maaaon, 6, 74 : 230; 04. (**) Parka 6 
4: 240; 02. 

(••) Pat«, 858, 80 : 329; 26. (•>) Patrick and Qrimm. /, 48; 2144; 21. (»*) 

Rodewald, VnUrtuchungm uber die QuoUwig dor Sidrke. Kiel, 1898. (»») 

Sprockhofl, Z. Spirituoind., 48: 217; 22, (»4) Volbehr, VnUrmtehungen 

Cher die Quellung dor HoU/aoor. Di$o., Kiel. 1898. (»•) Wheetlng. MuJk 

Agr. STpt. Slo.. Treh. BuU., No. 68 : 24. (»•) Wiedemann and Lodeking. 5* 

88: 146; 85. (*’) Williama. 55, 18 : 87; 22. ’ 
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THERMAL EFFECTS ACCOMPANYING PRESSURE CHANGES IN HOMOGENEOUS 

SYSTEMS (JOULE-THOMSON AND RELATED EFFECTS) 

J. R. Roebuck 

Contents Mati^res Inhaltsvbbzbichnis Indiob 


Contents 

Joule-Thomson effect. 

Inversion temperature. 

Heat of adiabatic compression. 

Heat of isothermal compression. 

Heat of extension of metals. 


Mati&res 

Effet Joule-Thomson. 
Temperature d’inversion. 

Chaleur de compression adia- 
batique. 

Chaleur de compression isother- 
mique.. 

Chaleur d’extension dea m6taux. 


Joule-Thomson Effekt. 
Inversions temperatur. 

W&rme bei adiabatischer Kom- 
pression. 

Warme bei isothermer Kon>> 
pression. 

Dehnungsw&rme der Metalle. 


JOULE-THOMSON EFFECT 


Indicb PaOB 

Effetto Joule-Thomson .... 144 
Temperatura di inver- 

sione 146 

Calore di compressione 

adiabatica 146 

Calore di compressione isc^ 

termica 147 

Calore di estensione dei 
metalll 147 


U-\‘pv 


A-Table, Elementary Substances and Atmospheric Air 


Values of m in ®C/atm. (*') 


40 I 60 m I 100 


0.023 0.028 0.033 -0.039 

.250 0.216 0.187 +0.159 

.289 0.256 0.224 +0.193 


Air, values of 10»a and 10*b in the equation, m = a — bp, for p 
in kg/cm», and m in °C/kg cm~« (*< ) 

-65 I -34 I -0.6 1+49. 2| 99f.6 | 149.7 | I&9.3| 249.9 

10*a 448 376 272 197 138 84 62 18 

10*b 176 129 81 66 36 1'8 13 10 



Air, values of 10V» unit, ®C/atm. (*®); (•) 


p, atm. 


20 

60 

100 

140 

180 

220 




266 

249 

214 

178 

145 

113 

81 


60® 


189 

178 

163 

128 

105 

83 

63 


100 ® 


133 

124 

106 

89 

72 

58 

45 


150® 


93 

86 

71 

59 

46.7 

36.6 

28.6 


200 ® 


62.5 

56.4 

44.7 

34.7 

25.8 


250® 


40.2 

34.6 24.6 

25.1 16.1 

16.4 7.8 

25.8 9.3 + 1.1 

18.5 +2.7 - 5.4 
12.7 -2.0 -11.0 



p, atm. 


1 

20 

40 

60 

80 

100 


-26 -50 -75 -100 -110 -120 -130 -140 


Air, values of 10V» unit, ®C/atm (*•) 


\ ®C 


317 

297 

276 

255 

232 

211 


378 

358 

336 

309 

275 

248 


462 

442 

417 

378 

335 

288 


576 

562 

534 

472 

386 

284 


637 

627 

598 

541 

367 

242 


710 807 936 1100 

710 819 967 1200 


677 776 245 

527 362 106 

299 141 67 

158 87 43 


67 

43 


52 

40 

34 

21 


p, atm. 


120 

140 

160 

180 

200 

220 


-25 -50 -76 -100 -110 -120 -130 -140 -150 



158 
108 
76 
52 
29 
+ 14 


102 
69 
47 
28 
+ 13 
- 2 


57 




+22 

8 

- 3 


28 

17 

+ 3 
- 8 
-17 
-28 


+11 

0 

-12 

-22 

-29 

-42 


Air, values of p in ®K/atm. (•) 


p, atm. 


0 

25 

37.17t 

60 

75 

100 

125 

150 

175 

200 


* Critical temperature. 


P, 

kg/cm* 


0 

25.84 

38.40 

51.67 

77.60 

103.33 

129.18 

156.00 

180.83 

206.7 


t Critical pre 


90® 


2.046 

-0.005 

- 0.010 

-0.014 

- 0.020 

-0.026 

-0.031 

-0.036 

-0.038 

-0.041 


120 ® 


1.266 

0.059 

0.028 

0.013 

0.000 

0.010 

0.020 

0.026 

0.032 

0.036 


132.6?* 


1.046 

1.065 

0.723 

0.136 

0.036 

0.010 

-0.006 


160® 


0.833 

0.847 

0.787 

0i641 

0.266 

0.130 

0.062 

0.025 




-0.017 


180® 


0.602 

0.619 

0.599 

0.555 

0.436 

0.299 

0.203 

0.135 

0.079 

0.029 


210 ® 


0.459 

0.458 

0.443 

0.420 

0.362 

0.295 

0.233 

0.182 

0.130 


iwm 


240 


270' 



0.332 

0.315 

0.282 

0.247 

0.211 

0.175 

0.139 

0.101 


0.244 

0.221 

0.196 

0.172 

0.148 

0.124 


300®K 


0.227 

0.212 

0.204 

0.195 

o!i59 

0.142 

0.124 

0.106 



ure. 


!8-TaBLX, CaZMIGAL COMPOtrKDS 
COt, unit, ®C/atm. (*) 


Temp., ®K 



400.0 

390.0 

380.0 

370.0 

360.0 
360.0 


0.6475 

0.6756 

0.7080 

0.7416 

0.7790 

0.8195 


0.6440 

0.6726 

0.7045 

0.7336 

0.7760 

0.8160 


0.6210 

0.6485 

0.6780 

0.7100 

0.7456 

0.7850 


20 40 


Vapbr phase above line 


0.5950 

0.6200 

0.6476 

0.6776 

0.7110 

0.7600 


0.5375 

0.5595 

0.5835 

0.6160 

0.6420 

0.6780 


60 


0.479a 

0.4965 

0.6166 

0.5405 

0.5685 

0.6020 


72.9 


0.4410 

0.4560r 

0.4742 

0.4952 

0.5200 

0.5600 


0.4226 

0.3850 

0.4505 

0.4705 

0.4980 

0.5210 


0.8685 

0.8285 

0.8865 

0.8995 

0.4155 

0.4840 






















































J0ULE-TH0M80N EFFECT 


CO*. — (Continued) 
PresBure in 


Temp., 

340 . 0 ^ 

330.0 

326.0 

320.0 

316.0 

310.0 

306.0 

304.1 

300.0 

296.0 

290.0 

286.0 
280.0 

276.0 

270.0 

260.0 

260.0 

240.0 

230.0 

220.0 


0 

0.8640 

0.9140 

0.9426 

0.9710 

1.0020 

1.0360 

1.0710 

1.0775 

1.1070 

1.1480 
1.1920 
1 . 2396 
1.2900 

1.3456 

1.4050 

1.6376 

1.6886 

1.860 

2.060 

2.2866 


1 

0 . 8596 
0.9096 
0.9375 
0.9665 
0.9986 
1.0320 
1.0676 

1.0740 

1.1045 

1.1455 

1.1900 

1.2386 

1.2900 

1.3456 

1.4060 

1.6406 

1 . 69 ^ 

1.870 

2.070 
2 . 3036 


10 

0.8290 
0 . 8796 
0.9076 
0.9380 
0 . 9705 
1.0065 
1.0445 

1.0505 

1.0840 

1.1270 

1.1760 

1.2280 

1.2845 

1 . 3470 
1.4165 
1.6736 

1 . 7670 
1.974 

-0.0168 

-0.0294 


20 

0.7960 
0.8450 
0 . 8745 
0.9060 
0 . 9395 
0.9766 
1.0155 

1.0240 

1.0600 

1.1090 

1.1636 

1.2245 

1.2916 

1.3646 

1.4455 

1.6375 

0.0,736 

-0.00723 

-0.0171 

-0.0304 


40 

0.7206 
0 . 7720 
0.8025 
0.8360 
0.8736 
0.9160 
0.9640 

0.9736 

1.0176 

1.0806 

1.1625 

1.2400 

1.3470 

0.0414 

0.0274 

0.0106 

0.0,733 

-0.00742 

-0.0177 

-0.0323 


60 

0.6426 
0 . 6926 
0.7230 
0 . 7670 
0 . 7970 
0.8436 
0.9000 

0.9100 

0.9676 

0.1990 

0.1166 

0.0761 

0.0516 

0 . 0356 
0.0246 
0.0101 

0.0,731 

-0.00761 

-0.0183 

-0.0341 


72.9 

0.6872 

0.6331 

0.6605 

0.6900 

0.7223 

0.7564 

0.7468 

0.6050 

0.2147 

0.1324 

0.9999 

0.06355 

0.0464 

0.0324 
0 . 0228 
0.00973 

0.0,730 

-0.00774 

-0.0187 

-0.0353 


80 

0g6650 

0.6946 

0.6166 

0.6380 

0.6600 

0.6100 

0.2690 

0.2420 

0.1650 

0.1134 

0.0816 

0.0586 

0.0426 

0.0309 

0.0221 

0.0096 

0.0,729 

-0.00781 

-0.0190 

-0.0369 


100 

0.4500 

0.4490 

0.4220 

0.3570 

0.2210 

0.1686 

0.1270 

0.l2l6 

0.1005 

0 . 0794 
0.0619 
0.0478 
0.0364 

0.0276 

0.0202 

0.0090 

0.0,727 

-0.00801 

-0.0195 

-0.0376 


Liquid phase below line 


Supplementary values at graphicaUy determined intersections of isotherms and Uobars of m with the saturation curve 

1 p . 5 10 15 I 20 30 40 | 50 60 65 70 72.9 

(193.5) 216.2 233.4 245.06 264.1 268.16 279. p 288.0 296.7 299.15 302 .^ 

(3.065) 2.610 2.135 1.922 1.773 1.546 1.371 1.211 1.043 0.937 0.801 0.6 

f?! —0.0346 —0.0083 —0.0031 -f0.0046 0.0245 0.0575 0.1182 0.2226 0.2985 0.418 0.6 

260.0 270.0 280.0 285.0 290.0 296.0 

23.9 31.66 41.0 41.0 62.66 69.0 

1.676 1.516 1.354 1.364 1.174 0.96 

00116 0.0286 0.0626 0.0938 0.1386 0.2096 


(193.6) 

(3 . 065) 

m 




0.6050 

0.6060 

.0 
.3 

.914 
0.3236 



T... 
|, . . . 


^ f • 


379.94 

0.7080 

• 

366.30 
0.7924 

331.40 

0.9064 

304.30 
1.0760 

272.42 

1.3750 

226.91 

2.1272 

208.69 

2.6786 


380.63 

0.7029 

367.10 

0.7860 

332.30 

0.8074* 

306.35 

1.0666 

273.88 

1.3690 

229.09 

2.0948 

211,26 

2.6338 


393.12 

0.6118 

370.92 

0,6748 

347.99 

0.6682 

323.77 

0.8816 

297,03 

1.0886 

263.66 

1.6620 

[262.26] 

U.8181I 


404.66 

0.6284 

383.40 
0 . 6746 

361.90 
0.6348 

339.76 

0.7220 

316.46 

0.8620 

290.42 
1 . 1470 

282.91 
1.2826 


414.39 

0.4664 

394.00 

0.4892 

373 . 62 
0.6317 

362.86 

0.6914 

331.83 

0.6826 

310.15 

0.8422 

304.66 

0.9046 


420.00 
0.4164 

400.00 
0.4410 

380.00 
0.4742 

360.00 
0.6200 

340.00 
0.6872 

320.00 
0.6900 

315.00 
0.7223 


422.88 

0.3944 

403.06 

0.4165 

383.27 

0.4462 

363.67 

0.4844 

344.00 

0.5406 

324.63 

0.6184 

319.82 

0.6381 


430.22 

0.340r 

410.74 

0.3646 

391.43 

0.3728 

372.36 

0.3967 

363.64 

0.4280 

335.27 

0.4640 

330.69 

0.4601 
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COj. — {Continued) 


p 

1 0 

1 

20 

1 40 

T 

181.28 

(184.70 

237.43 

274 . 42) 

1 

3.4296 

[3.3588 

2.2620 

1 . 4928] 

T ! 

167.40 

[161.24 

226 . 49 

269.36 


4.343 

1 

[4.2614 

2.6950 

1.6727 

T 

120.90 

[126.80 

212.44 

264.32 


6.000 

(6.832 

3.400 

1.926 

T 

76.00 

[ 81.40 

198.40 

260.85 

M 

8.396 

[8.114 

4.288 

2.1915 




Critical isenthalp 

T 

0.00 

( 13.38 

182.77 

260.56 

M 

13.680 

( 13.01 

6.783 

2.463 


• * • 


[196,21 

(3.7974 

[245.42 

(1.6720 

(266.03 

[0.9102 

[276.86 
[0 . 06978 

(269.24 

[0.01096 

[240.54 

(-0.00704 

(222,19 

[-0.02637 


198.26 
3.6800 

247.07 

1.6312 

265.92 
0 . 8924 

276 . 93 
0.06936 

259 . 26 
0.01094 

240.63] 

0.007051 

222.17] 

0.025481 


Liquid isenthalps 


261.57 

2.0194 

271.83 

1.0210 

280.04 

0.6108 

277.161 
0 . 06202] 

269.46] 

0.01064] 

240.40 

-0.00723 

221.66 

-0.02778 


281.51 

1.0744 

287.94 

0.6239 

290.11 

0.4099 

278.34 

0.05514 

259 . 67 
0.01027 

240.29 

-0.00742 

221.08 

-0.03040 


298.86 

0.9850 

295 . 97) 
1.0380] 

293.71] 
1.091 ] 

292.77] 

1 . 1200 ] 

293 . 70 
1.049 

297 . 44] 
0.5716] 

297 . 79] 
0.3812] 

296.87] 

0.2761] 

279 . 39 
0.04901 

259.88 

0.00993 

240.10 

-0.00761 

220.44 

-0.03329 


72.9 

310.00 
0.7633 

307.60 
0.7630 

306.60 
0.7660 

304.60 
0.7264 

304.10] 

0.6050) 

303.60 
0.3804 

302.00 
0.2774 

300.00 
0.2127 

280.00 
0.04543 

260.00 

0.00973 

240.00 
-0.00773 

220.00 
-0.03528 


314.97 
0.6600 

312.48 
0.6442 

310.36 
0.6179 

309.09 
0 . 6724 

307.80 
0.4470 

305.92 

0.3041 

303.81 
0.2329 

301.41 

0.1846 

280.32 

0.04367 

260.07 

0-00962 

239.94 

-0.00781 

219.74 

-0.03464 


100 

326.60 
0.4290 

322.77 
0.3908 

319.77 
0.3608 

317.42 
0.2926 

313.82 

0.1906 

310.43 
0.1618 

307.48 

0.1423 

304.46 

0.1239 

281.14 

0.03873 


260.26 
0.00931 

239.79 

-0.00801 

218.98 

-0.00989 



CHANGE IN TEMPERATURE ON ADIABATIC EXPANSION 

HsO, values of unit, ®C/kg cm 


Lit. 


V 

CH 4 , values of M ~ ®C/atm. 

p — 1 


(*«) I 0) I 0) I 0«) I (*»)l (*) I 0»)| (») UMUli) 


±ca. 0.06 (i») 


0 


20® I 26® I 37® I 40® I 54® I 60' 


80' 


P 

26 

17 

14.6 

27 

55 

uro 

-77 

-78 

-78 

+ 10 

10 

M 

0.76 


0.74 

0.35 

0.40 



Inversion Temperatures 
M «• 0 at f, ®C and at jvtm 


1 


-16 

+ 137 

1 + 66 

600 


+68 

176 


1 000 

+ 64 

132 


167 

1 500 

116, 

183 

248 

188 


160 

215 

263| 



189 

251 


223 



260 

283 


6 000 


194 

289 

1 

8 000 



365 


10 000 





12 000 








For calculated values 0 — 30®C and 1 to 1000 atm., v, (**)• 


Air (SO) 


300.4 

283.0 
252.8 

240.1 


90.1 

137.01 
176.71 

199.1 


He 

H, 


liq. air 
CO, (Uq.) 


( 


-173 

( 1 ) 

(”) 

80.6* 

113 

(IS) 

-133 

160 

(•, 12 ) 

-140 

125 

(•. »») 

- 24.0 

18 to 100 

(») 


Miscellaneous Substances 


^ TWttpmtan st which • drop from p to 1 otm. giTw scro integnted eodiDg 


Substance 

1 

1 

P 

1 


®C 


Bensene 

Urethane 

90 

80 

2660 

1300 

2000 

1072 

If 

P 

P 

§i 
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lOaoeiUtteoiis 


Substance 


Mil. A* 90 

Phenol 80 

p-Toluidine 

Mix. B* 

Ethyl alc4^ol — 

Water 



(ConUnMcd) 


COO I 2000 I 2500 3000 


(dO .... 


20 




Glyoetfoi . . 
Castor oil 


80 

80 

30 

0 

80 

25 

98.2 

0 


lA 

T 

iT 

T 
T 


El 


1110 990 

726 648 

1158 10341 

1016 905 782 691 644 

1180 965 805 715 658 

-130 -20 +64 +116 +150 +173 +189 

492 468 445 423 406 392 382 

437 407 380 352 327 308 294 

625 570 520 475 441 


880 


r 
IS 


, 5071 468 448 


Mix. A k 75 mol % Benseoe + 25 mol % Urethane. Mix. B ia 75 mol % 
Phenol + 25 mol % p-Totuidine. 


Aqueous SoLxmoNs (**) 

Changes of temperature on adiabatic expansion 


Wt. % 

Ka 


AP 


101 


498 


Wt. % 

H,804 


AP 


0.747 

7.11 

19.43 

Wt. % 
NaCl 

6.63 

Ai 

Ai 

Ai 

1 AP 

Ai 

-0.07 

-0.06 

-0.21 

101 

-0.10 

-0.05 

-0.16 

-0.39 

200 

-0.15 

-0.11 

-0.26 

-0.60 

300 

-0.24 

-0.12 

-0.44 

-0.72 

400 

-0.42 

-0.16 

-0.66 

-0.96 

498 

-0.55 


10.68 


Ai 


- 0.21 
-0.34 
-0.49 
0.67 
.79 


3.94 




Wt. 

Wt. 


.12 

.25 

.38 

.54 


% CtHiOH 

% Naa. . . . 


AP 


101 


300 


Al 


0.12 

0.32 

0.38 

0.58 

0.79 


Wt, % 

ZnSOt 


AP 


101 

200 

300 

400 

498 


498 


.99 
0.60 


Ai 


-0.006 

- 0,01 

- 0.01 

-0.04 

- 0.10 



10.18 

0.62 


Ai 


.04 

.09 

.13 

.19 

.24 



Liquid NH», values of 1 =* 

Unit, joules per kg/atm. 


-39.0 -24.2 -0.2 
-59 —70 - 91 


(IS) 



26.5 35.4 40.3 
-127 -145 -155 



p, kg/cm» 


4 

6 000 
8 000 
10 000 
12 000 


0^ 


6.4 

10.6 


Calculated values for CSt» ether, alcohol and HtO (*). Calcu- 
lated values at 0**C for ethylene chloride, ethyl chloride, ethyl 
bromide, ethyl iodide, methyl acetate, ethyl acetate, benxene, 
toluene, xylene, cynoene, bromine, mercury, acetone, carbon 
disulhde, carbon tetrachloride, chloroform and ether (^*). 



40* 1 

60* 

80*C 

11.6 

14.6 

16-6 

17.3 

20.9 

23.2 

23.1 

27.0 

29.3 

28.7 

32.0 

35.3 

34.6 

38.8 

40.8 


where Ar » tension increase and Ai the eorre- 


HEAT OF ELASTIC EXTENSION OF METALS 

— “ where Ar =« tension increase and Ai the corre- 

sponding temperature increase, a « the coefficient of thermal 
expansion, d the density, c the specific heat per gram and T the 
temperature in ^K; Q » heat absorbed. 


Ar, kg/cm^ I Ai, ®C | Q, g-cali»/cm^ 


Steel at 23.9°C, d « 7.93 g/cm» (<) 

1656 -0.1369 0.1279 

3312 -0.2737 0.2656 ±0.4% 

4968 -0.4106 0.3836 

German silver at 16.4®C, d — 8.40 g/cm* (7) 

969 I -0.1405 I 0.1136±3% 


2.85 

• 

6.55 

8.11 

Ai 

1 Ai 

Ai 

-0.02 

-0.05 

-0.09 

-0.04 

-0.10 

-0.16 

-0.10 

-0.17 

-0.24 

-0.18 

-0.24 

-0.32 

-0.27 

-0.36 

-0.45 


TeiAperaturb Chanob Di Plastic Extension (*) 

100 aZ/Io » % elongation. 

Ait *= Temp, rise with tension maintained. 

Air Temp, rise on relief of residual tension. 

Aiw ^ Temp, rise to be expected from work done by 
tension. 

Ait + Air 

— — n Jt « Ratio of heat evolved to work done. 

Aiv 


Metal 


100 A//Zo 


Ait 


9.00 

6.29 

5.68 

8.77 


^ R 10 iA<l 6 p 61 ldM 3 t of A 1 / 1 $ op to tho rruLri y0lo0 


Steel 13.10 

Cu 17.46 

AI 23.06 

AI, single crys 62.72 



LITERATDKE 

» 

(For ft key to the periodioaia aee ebd of Toloine) 

(I) Bridsmftm 66. Mi 307; 13. (*) Burnett. #, tt: 500; 28. BiiU/Uniw. 

Witeontin. Bn^. S«rt*», t; No. 5; 26. (») Ciftmpini. 69, 8: 101; 12. (4) 

Compton ftnd Webster. •: 159; 15. (•) Dftvia, 5, 48: 241; 10. (•) 

Fftrren and Taylor. 6, lOT: 422; 25. (») Haca. 9, IS: 1; 82. (•) Hawen. 

4/4. Vo. tt4; 20. (•) Hoxton. 9, U: 438; 10. 

(*•) Jpnldn and Shorthoae. B67. (>>) Joule and Thomson. 69, IIS: 579; 62.' 

(>») ^obUu«h. P7. •: 21 ; 24. (*’) Lewis, 7. 81 : 620 ; 13. (»4)'NoeU,*4i4, 

No. iSi; 15. (*•) Olaaeweld. 166, 1901A: 453. 5, 8 : 535; 02. 68, 88: 

576; 02. (»•) Oabome and Van Dusen, SI A, 14 : 433; 19. (*T) ^ory, 60, 

88: 1108; 24. (*•) Puahin and Grebenahohikov. 4, US. 2717; 23. {*•) 

Pushin and GrebensbebikoY, 4, 188 : 2043; 24.' 

(*•) Roebuck, 66, M: 535; 25. <•») Rocealer and HaMlaeher Chemical Co- 

Perth Ambo^ N. J., O. (••) Rocdimld and Tammann. 7.80: 1; 96. (i*) 

Tammann, Uh^ die BeeUhungen meehen den inAeren Krd/ten und Bigen^ 
eeh^fUn der Ls^ngen. ^ Leipaig. Voaa, 1007. (*4) Trueblood. 55. 88 : 78U 

17. (*•) Roebuck, Univ. of Wkeonain. Madison. Wia , O ^ 
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HEATS OF SOLUTION OF ORGANIC SUBSTANCES 

Ernest Anderson 


CONTENTS 

1. Binary Aqueous systems *143 

2. Binary organic systems 150 

Tables 1 and 2 form a complete index to the whole,* 

T ABLE 1 . — Heats or Solution of Organic Substances in Water 

Q is expressed as kilojoules evolved per mole solute, at infinite 
dilution. These systems are arranged according to the (T- arrange- 
ment (v. Vol. Ill, p. viii). Inorganic salts of organic acids will be 
found immediately following the acid. 

Formula I N&mn i n table 


Table 1 . — (Canixnued) 


cua$ 

CHiNi 

CHiOt 

CHiNOs 

CH4N1O 

CHiNtS 

CH4O 

CH.N 

CHtNtOi 

CH4N4O1 

CtHBraOi 

CtHCliOi 


CaHiBriOi 

CtHiOiOi 

CtHfOt 

CiHsOi 

CtH«04.2H«0 

CtHiBrOi 

CxHiClOt 

CsHiCl«Os 

CfHiNOt 

C1H4O 

CtHiOt 


CsHiOt 

C|H40| 


CtH404 


CtHiNO 

CtHtNOf 

CsHaNOi 

CiHtO 

atiB 

tabUa in tbia 


Name t, ®( 

Chloroform 16 

Cyanamide 

Formic acid (solid) 7 

Formic add (liquid) 7 

Nitromethane 

Urea 

Thiourea 10 

Methyl alcohol 

Methylamine 

Urea nitrate 

Guanidine nitrate 

Tribromoacetio add 

Triobloroaoetio add (solid) . . 
Trlehloroaoetio add (liquid) . 16 

Na tiichloroaoetato 

Dibromoacetio add 

Dichloroaoetlo add 

Olyozal 

Olyoxal bisulfite 

Oxalie add 

Oxalic add 

Bromoaeetio acid 

Chloroaoetio add' (solid) 16 

Chloroaeetio add (liquid) 16 

Chloral hydrate 

Oxamic add 12 

K oxamate 

Aoetaldehyde 

Acetic add (solid) 7 

14 

Aoetio add (liquid) 7 


9.2 
“15.1 
“ 0.83 
0.33 
“ 2.6 
“16.1 
“22.3 
8.37 


Methyl formate 15 

Glycolic add 

Ba flyoolate 

Ca glyoolate 

Ca glyoolate (3H<0) 

Ca glyoolate (6HtO) 

Cu glycolate 

K glycolate 

K glyoolate (O.6H1O) 

Mg glycolate 

Na glyoolate 

Na glyoolate (0.6HtO) 

NH4 glycolate 

Pb glyoolate 

Sr idyeolate 

Zn glycolate 

Olyoxylio add 11 

Ce glyoxylate 

Na glyoxyUte 

Aoetandde 23 

OlyeoeoQ 

Ethyl nitrate 

Ethyl ab<Ad 13 

_ .Dimethyl ether 17 

ben la the last eolama not in parenth 

•eetink whieh abould be consulted for 


“46.2 

-42.7 

4.69 

12.1 

22.08 

7.28 

11.7 
4.69 

- 6.23 
“40.4 

- 9.58 
-36.6 
“ 12.8 
-14.0 

1.12 

- 8.77 
-29 
-31.0 

16.1 

- 8.91 

- 9.42 
1.67 
1.00 
4.73 

-11.56 

-21.26 

-6.78 

-29.66 

-32.6 

- 6.78 

- 6.86 
-19.7 
-18.41 
-10.30 
-14.6 
-13.62 

-24.02 

“ 6.02 

- 2.76 
- 10.6 

- 9.37 

- 20.1 

- 8.33 
-14.98 

4.14 

10.63 

34.7 


Lit. and table 
numbere 

(»») 

(*••) 

( 10 ) 

(*®); 5 

(»•) 

(4», HI) 

(III) 

(14, iS, SS, TO, 

•>); 8 

(♦7) 

(111) 

(HI) 

(>>•); 6 

(*«•» *>•); 6 
(Hi) 

(*••) 

(*»»); 6 
(ISS, Hi). 6 

(••) 

(••) 

(••» lOi) 

(••) 

(»»•); 6 
(lOi, Hi) 

(*••» Hi) 

(10, ii. ItS) 

(HI) 

(HO) 

(•) 

( 10 ) 

(>•) 

(*U;6 

( 10 ) 

(*>) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(••) 

(•») 

(•») 

(•») 

(»*«) 

(*••) 

(*•) 

(14, 40, 71, il, 
6 


34.7 I (»») 

•ee are numbers of other 
further datai 


Formula 

CiHiOi 

CiH^NtOi 

CtHi04S 


Name 


I, ®C 


lit. and table 
numbera 


C*HtN 

CtHiQN 

C»H*Nt 

CsHioCliNt 

CiHitNt04S 

C»HtBrt04 


CiHiNsOi 

CtHiBriOi 


CiH4NfOi 

CtHiOi 


CtH40i 


C4H4N 

CtHiNfOi 

CsHiNiOi 

CiH«0 

CtHtO 

C»H«0 

CiHfOt 


CaHcOt 

C»HtN 

CiHtNO 

CaHaNOf 

CaHaNaO 

CaHaNiOi 

CaHaO 

CaHaO 

CaHaOa 

CaHaOa 

CaliaN 

CaHtN 

CaHuaN 

CaHiNtOa 

C4H4O4 

C4H4O4 

CaHaNOa 

CaHaNaOa 

CaHfOa 


Glycol 

Urea formate 

Ethyl sulfuric add 

Ba ethylsulfate 

Ba ethylsulfate (2HfO) 

Na ethylsulfate 

Na ethylsulfate (HfO)s 

Ethylamine , 

Ethylamine hydrofehloride . . . 
Ethylonediamine. 
Etbylenediamine dlhsUrtn 
chloride s . 

a 

Guanidine eulfate 

Dibromomalonio acid 

KH dibromomalonate 

Ki dibromomalonate 

Cyanurio add 

o-Dibromopropionio add . . . . 

K 4»-<libromopropionate 

K ct-dibromopropionato 

(HaO) 

Hydantoin 

MaJonio aeJd 

I 

Agt malonate 

KH malonate 

Ki malonate 

Ki malonate (2HfO) 

liH malonate 

Lii malonate 

NaH malonate 

Nat malonate 

Naa malonate (HaO) 

NHiH malonate I 

(NH4) a malonate . 

Tartronio add 

KH tartronate 

Ka tartronate 

Naa tartronate I 

Propiooltrile I 

Acetylurea I 

Hydantoio add I 

Ally! alcohol 

Propionaldehyde I 

Acetone I 

Propionic add I 

Ba propionate f 

K propionate 

Na propionate I 

Ethyl formate 

Allylamine 

Propionamide I 

Urethane 

Ethylurea I 

Urea acetate 

n- Propyl alcohol | 

laopropyl alcohol I 

Methytal 

Glycerol I 

Propylamine 

'Trimethylamine I 

Trimetbylamine hydro- 

ehloride I 

Alloxan 

Fumario add I 

Maleic add 

Suodnimide 

ABantoin 

Suodnie add 

KH sucdnate 

KH sucdnate (HtO) .{ 


7.1 

(**• ”);3 

-30.1 

(111) 

2.0 

(>*) 

-18.0 

(*^) 

- 4.2 

(**) 

-13.0 

0<) 


I I 26.49 
- 9.33 
31.8 

-31.60 
-28.26 
8.46 
-23.4 
-41.60 
9 . p. 183 
6.86 
3.18 

- 12.1 
-26.1 
-18.8 
-41.0 
-21.3 
8.8 
-23.4 
“ 6.9 
14.6 
“26.6 
13.0 
6.3 
-26.1 
- 10.6 
-15.69 
-31.4 
-19.88 
- 12.6 
- 3.26 
-28.6 
-27.2 
8.37 
17 

10.5 

3.69 

28.75 

12.64 

13.76 


I fi, Up ••) 

(•») 

(••) 

(••) 

( 111 ) 

(ISS) 

(ISS) 

(lOS) 

(Hf) 

(Itl) 

(Hi) 

(HI) 

(IM) 

(ISS) 

(ISS) 

(!••) 

(ISS) 

(ISS) 

(*••) 

(ISS) 

(»••) 

(ISS) 

(ISS) 

(ISS) 

(ISS) 

(ISS) 

(ISS) 

(ISS) 

(IIS) 

(IIS) 

(III) 

0 *) 

0 *) 

(»<);4 

(•••)J6 

(«‘) 

(ISS) 

(ISS) 


10 8.8 

(**) 

19.69 

(ii, ST) 

16 - 4 

(••) 

23 -16.9 

(111) 

14 - 9.6 

(III) 

-36.8 

(III) 

12.76 

(4S,7S).d 

16.74 

(TS, TS) 

13.4 

(*•) 


6.3 

25.74 

36.62 

- 2.1 

•17.6 

24.7 
18.68 
18.0 
31.4 

26.8 
22.39 
81.8 


s*» 

(••) 

(SS, ss) 

(«) 

(Hi) 

(Si, iS) 

(ii, ••) 

(ISi) 

(11 S) 

(•*) 

(lii) 

(»*) 
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TABiiB * ^(Continued) 



C4H«04 


C«H«Oi 


CiHiOi 

C4H«0| 


G«H«0< 


C 4 & 7 OI 4 O 1 

C«H7N04 

04H40« 


CiHiOs 

C«B.O« 

CiHi4N40« 

CtHuO 

C4Hi40 

C 4 H 14 O 

C«Hm04 

CiHiiN 

C 4 H 11 N 

C«RiiaN 

C»H4N<M 


C»B4N404 

C»H»N 

C^HfNiOi 

C«B4N«0« 

CiHiO* 

CiHf04 

CiHaOt 

C*HiOt 


C«H«04 


C 4 H 1 O 4 


Kt 

Ki raeoinato (HiO) — 

KftH mieeinato 

Nm fuooinaU 

Nat •uoeftDala (OHiO) . 

NHiH tuoeiaate 

(NH4)i raociiiate 

laovuooinio acid 

gH iaoauoeiiiata 

KH boeaooinatc (HtO) 

Ka isGvuociDate 

Kt iaoaueeinate (HtO) . 
Kt iMwuociuate (2HiO) 

Nat bocuocinate 

Dimethyl oxalate 

Malic acid 


KH malate 

KH malate (H^) 

Kt malate 

NaH malate « 

NaH malate (HtO) 

Nat malate 

d>Tartarie a<rfd 

KH tartrate 

Kt tartrate 

Kt tartrate (0.6HtO) 

KSbO tartrate 

KSbO tartrate (O.SHtO) 

NaH tartrate 

NaH tartrate (HtO) 

NaK tartrate 

NaK tartrate (4HfO) 

Nat tartrate 

Nat tartrate (2HfO) 

dl-Tartario add 

flB-Tartario add (HiO) 

taMo-Tartarle add 

Ohlwal aleobolate 

Aepartie add 

a>But 3 rric add 

Na a-batyrate 

Na a-batyrate (SHtO) 

laobotyrie add 

Ca Isobutyrate (6HtO) 

Ethyl acetate 

Urea oxslate 

Isobutyl ale<^ol 

Tiimethyl oarbind 

Ethyl ether 

Erythritol 

Diethylamine 

Isobutylamine 

Diethylamine hydrochloride 

Tblourio add (1.6HtO) 

Kt thiourate 

Nat thiourate 

Uric add 

K urate 

Pyridine 

Dlmethylparahanlc add 

Pseudourie add 

K peeudourate (HtO) 

CItraconie add 

Itaoonle add 

Mesaoonic add 

Aeetylaoetone 

levulinlo add (sdid) 

Lerulinie add (liquid) 

K lerulinate 

Na levullnate 

Olutario add 

KH glutarate 

Kt clutarate 

Fyrotartano add 

KH pyrotartrate 

KH pyrotartrate (HiO) 

Kt pyrotartrate 


0.8 
-14.2 
-11.7 
10.0 
-46.0 
- 20.6 
-14.6 
6 1-14.31 
-16.74 
-19.08 
13.06 
8.16 
6.00 
20.5 

- 9.37 

16 -13.8 

20 -13.18 
-24.3 
-27.6 

- 6 .49 

21 - 6.95 
18 -dl.l7 

21 7.45 
-14.44 

12 |-48.6 
-14.90 
-23.27 

12 1-21.3 
- 22.2 
-23.60 
-36.74 

- 7.83 
-61.64 

- 4.69 
-24.61 
- 22.68 
-28.88 
-21.03 

0.0 

16 -30.34 

17.74 

14.40 

4.2 

13.0 
16 12.81 

17 -74.6 

12.1 

16 13.62 

13 -24.7 
- 22.2 

34.40 
26 

- 6.24 
-44.8 
-69.6 
-26.8 

-36.2 

22 I 8.87 
-19.46 

-28.9 
11.7 
-24.78 
10 1-23.0 

- 2.68 
-16.02 
- 6.82 

6.03 

6.66 

- 22.6 
-18.68 
10.13 
-21 
-13.0 
-17.6 

10.3 


(•♦) 

(M). 

(let) 

(lOS) 

(•♦) 

(lot) 

(lot) 

(lot) 

(lot) 

(lot) 

(tot) 

(lot) 

(lot) 

(>•) 

(lOT, lot) 

(••) 

(lOT, lot) 
(lot) 

(tOT, lot) 
(107, lot) 
( 10 *) 

(107, lot) 

(»•) 

(••) 

( 10 ) 

(»•) 

(•*) 

{•>) 

(*•) 

( 10 ) 

( 10 ) 

(»•) 

(>•) 

(»•) 

(tt, 10*) 

(»•) 

(**, 10 *) 

(»«) 

(**) 

6 

(") 

(*») 

(•<) 

(•») 

(>•) 

( 111 ) 

(14,70) 

(77) 

(*’) 

(»*, 74) 

(»•) 

(••) 

(») 

( 111 ) 

(lit) 

( 111 ) 

( 111 ) 

(to, tt) 

( 110 ) 

(III) 

(•*) 

(•») 

(••) 

(01, ise) 

( 114 ) 

(114) 

(114) 

(114) 

(lot) 

(lot) 

(lot) 

(lot) 

(lot) 

(lot) 

(lot) 


1 Table 1. — (Cmtintted) 





Lit. ftnd table 

Formula 

Name 

f, -c 

Q 

number* 

CkHtOi 

Monoethyl malonate 


2.6 

(>*•) 


K ethyl malonate 


- 2.72 

(»••) 

CtHifOi 

Isoralehc add 


2.0 

^») 

CiHttOt 

Trimetbylacetio add 





K trimethylacetate 

16 

30.76 

(10) 

C.H 11 N 

Piperidine 

21 

27.04 

(50, «•) 

CiHiiClN 

Piperidine hydrochloride ... 


- 4 

(••) 

C&HifO 

Isoamyl alcohol 


11.7 

(14, 70) 

C.Hu7^ 

Amylamine 


21.13 

(»*, *7) 

CiHhCIN 

Amylamine hydrochloride . . . 


- 5.73 

(") 

CtHiBnOi 

1, 3-Dlhydroxy-2, 4, 6-tri- 





bromobeniene 


- 9.2 

(*•) 

CtHtNiOr 

Picric add 


-20.7 

(•) 


Ba plcrate 


-19.7 

(150) 


Ba pierate (HfO) 


-39.3 

(120) 


Bo pierate (6HiO) 


-61.73 

(1*#) 


Ca pierate 


9.2 

(1**) 


Ca pierate (6HiO) 


-62.4 

(150) 


Cu pierate 


13.8 

(15*) 


Cu pierate (8HfOj 


-73.7 

(150) 


K pierate 


-42 

(0,110) 

1 

M* pierate 


61.6 

(150) 


Mg pierate (8HiO) 


-66.6 

(110) 


Na pierate 


-26.95 

(0, 110) 


NHi plcrate 


-36.4 

(0,110) 


Pb pierate 


-29.7 

(110) 


Pb pierate (2HiO) 


-66.2 

(110) 


8t pierate 


3.3 

(110) 


8r pierate (OHiO) 


-60.3 

(110) 


Zn pierate 


48.1 

(110) 


Zn pierate (8HiO) 


-66.6 

(110) 

C«H<Ot 

Quinone 


-16.7 

i**) 

CcHiBrO 

p-Bromophenol 


-16.6 

(111) 

C«H.C1N, 

Pbenyidiasonium chloride. . . 


- 7.70 

(111) 

CtHiNOi 

o-Nitrophenol l 


-26.4 

(>) 


Na o-nitrophenate 


- 7.6 

(U 

CiH.NOi 

m>Nitrophenol 


-21.8 

(») 


Na m'Ditrophenate 


13.0 

(ISS) 

CtHtNOi 

p<Nitrophenol 


-18.8 

(*) 


Na p-nitrophenatc 


11.3 


CtHiOt 

Catechol 


-14.6 

(44, TO) 

CftHcOi 


10 

— 16.67 

(44, TS, Si, 




»**) 


Hvdroauinol 


— 18.4 

(44, TS) 

CtHfO) 

Phlorogludnol 


- 6.91 

(44) 


Phlorogludnol (HtO) 


-28.0 


C«H«Oi 

Pyrogallol 


-16.6 

(44, TS, es) 

CtHtClN 

o-Chloroaniline 


!- 2.34 

(1S4) 

C.H#aN 

m-Chloroaniiine 


- 3.47 

(100) 

C«H«C1N 

' p-Chloroaniline 

e 

-21.39 

(»••) 

CtHtNtOt 

p-Nitroaniline 


-16.66 

(100) 

C«H«0 

Phenol (solid) 

4 

-10.9 

(S, TS, SS, ISO) 

CtHfOtS 

Bensenesulfonio add 





Ba bensenesulfonate . 


10.0 

(«) 


Ba benseneaulfoiiate (3HfO) 

1 

-10.0 

(*•) 


Na KanBanMtilfnnata 

14 

— 3.3 

(11) 


Na bensenesulfonate (2HtO) 


-14.2 

(»?) 

CtHcOiS 

o-Fhenolsulfonio add 

1 




Ba o*phenolsalfoDate (HsOy 


-66.6 

(») 


K o-phenolsolfonate (2H*0) . 


-40.6 

(*) 

CtHtOt 

Aoonitio add 

1 

-17.6 

(O 

C«H<0>8t 

Phenol«2, 4-disulfonate 





Ba phenol-2, 4-disulfonate 





(4H.O) 


-33.1 

(») 

CtHiaiN 

o-Chloroaniline hydrochlo- 




1 

ride 


-18.33 

(ISO) 

CtHiCltN 

m-Chloroanlline hydrodilo- 





ride 


-16.46 

(*••) 

C*HtCUN 

p-Chloroa&iline hydrochlo- 





ride 


-14.61 

(ISO) 

C*HtN 

AniUna. : 

16 

- 0.76 

(*•> 



24 

- 2.30 

(»•) 

CtHfON 

Aniline hydrochloride 


-11.43 

(*•) 

CtHsNt 

Phenylhydrasine (liquid). . . . 

21 

1.21 

(••) 


nienylbydradne (HiO) 


-31.0 

(•») 

CtHiNt 

m-Fhenylenediamine 


-13.4 

(111) 

C«H«Nt 

p-Pheoylenediamine 


-16.9 

(111) 

C«HsNfOi 

Aniline nitrate 


-28.17 

(*•) 




150 


INTERNATIONAL CRITICAL TABLES 


Tablb 1. — (Continued) 


Formula 

CiHtOa 


CtRsOr 


CaHaClNt 

CaHitOs 

CaHtaOi 

CiHitClaNt 

CaHuNa 

GaHisO 

CaHiiOa 

CaHtaClNa 

CaHiaNaOa 

CaHiaNaOaS 

CaHtiNaOa 

CaHiaOa 

CaHiaOa 

CiHiatS 

CaHuN 

CaHiaN 

CaHiaON 

OrHaOi 

OrHaClOt 

CrHaNOa 

CrHaNOa 

CrH»NO« 

CrHaOt 

OrEUOi 

OB«Ot 


CfHiOr 

CrHfOa 

CfHfOa 


OrHaOa 

OBaOa 

CrBrNOs 

CiHiNOt 

CrHrNOa 

CiHaClNOi 

CrHfO 

OrHaO 

CrHaOa 

CrHiOi 

CAN 


Table 1. — (CorUinued) 


Nam« 


I. 



Tricarballylic acid 

KHi tricarballylatc 

KfH tricarballylate 

Ki tricarballylate 

Naa tricarballylate 

Citric add 

KHj citrate 

KtH dtrate 

Ki dtrate 

NaHi dtrate 

NatH dtrate 

Nai dtrate 

Phenylhydrailne hydro- 
chloride 

Ethyl acetoaoetate 

Na ethyl acetoacetate 

Diethyl oxalate | 15 

o-Phenylenediamine tdhy- 
drochloride (5H>0) 

Hexamethylenetetramine, . . 

Cyelohexanol (eoUd) 

Cyclohexanol (liquid) 

Inositol I 18 

Hexamethylenetetramine 

hydrochloride ) 15 

Hexamethylenetetramine n|' 

irate 

Hexamethylenetetramine 

sulfate 

Hexamethylenetetramine di- 
nitrate. 

Duldtol . 

Mannitol | 23 

TriethylsuUonium iodide. . 

Di propylamine 

Trietbylamine 

Triethylamine hydrochloridel 

Meeonio add 

o-Chlorobenxdo add 
K o-ehlorobenaoate (0.5HiO) 

o^Nltrobensoio add 

Na o-nitrobensoate 

m-Nilrobenaoio add 

Na m-nitrobensoate. . . . 

p^Nltrobensoio add 

Na p-nitrobenaoate 

Salieylaldehyde 

P-Hydroxybenaaldebyde 

Bensde add 

Ca beosoate 

K benaoate 

Na benaoate 

NH^ benaoate 

^Hsrdroxybenaoio add . . 
^hydro^benaoate. * .... 

m-Hydroxybenade add 

p-Hydroxybenade add 

I^Hydroxybenaoio aeid 

(HK)) 

3, 4-IMhydroxybenade add 

(HiO) I 17 

Gallie add (H«0) 

o-Hydrozybenaamide . . . . 

Na e-hydroxybenaamide. 
'ta-Hydroxybenaandde. . . , 

Na la-hydro^benaamide. 

p-Hydroxybenaamide 

Na p-hydroxybenaamide . 
m-Hydroxybenaamide 
hydrochloride 


Oreiiiol 

Ordaol (HsO).. 

^Hydroxy beuayl aleobot 
p^ToloeMaolfoaie aeid . . . 
K 


• • e • 


27.2 

38.0 
•16.7 

18.0 

27.6 

23.6 

33.5 
28.0 
11.8 
26.57 

5.11 

23.05 

24.04 
5.27 

18.4 
12.80 

34.3 

20.1 

8.12 
0.8 

14.15 


lit. and table 
numb ers 

('••) 

(les) 

(let) 

<10S) 

(«. f e$) 

(*••) 

(let) 

(!••) 

(>••) 

(les) 

(!••) 

(114> 

(••) 

(»•) 

(>») 

(lat) 

(•*) 

(«) 

(•») 

(•») 


•16.40 (•*) 
-23.02 (M) 
-6.70 (•«) 


-50.8 

•24.7 

• 22.01 

24.06 
31.60 
43 

• 2.23 

38.1 
26.0 

1.51 

33.3 

16.3 

23.4 
4.6 

37.2 
4.10 
0.4 

30.5 

27.3 

10.7 

6.3 

3.3 

11.3 
36.57 

0.17 

25.86 

24.10 


(•*) 

(*«) 

(««. **l) 

(») 

(••) 

(•S«T) 

(•D 

(*D 

(lie) 

(IIS) 

(«. •#) 

<*) 

(*• 

(*• 

(») 

(>) 

(*•) 

(*•) 

(•• *••) 

(•) 

(») 

(•) 

(•) 

(*•) 

(ISS) 

(••) 

(«•) 


ISS) 

ISS) 


•33.31 («•) 


20.7 

20.7 

18.16 

1.46 

-17.41 

5.0 
23.56 

8.0 

20.3 
8.8 
8.8 

10.0 

33.6 

13.4 

30.0 

10.71 


(••) 

(*•) 

(>) 

(«) 

(ISS) 

(ISS) 

(*) 

0) 

(ISS) 

(••) 

(»•) 

(**) 

(*•) 

(■•) 
(SS. ST) 


Formula 
CtSn 

CTHsNOt 
OHisCIN 
CrHwaN 
CrHitOi 
CtH»N«Os 
CtHsOi 


CsHiOs 

C»H/)s 

CsHsOt 

CtHfOs 

C*H|rOi 

CftHtsNiOt 

CtHiiN04 


CtBtsOi 

CsHiaN 

CiHisOi 

CisHuNOs 

CisHifOi 

CuHiiNOa 

CisHitCltNt 

CisHiaOa 

CtsHifOa 

CuHaO 

CiiHvOii 

CifHisOa 

CiiHitOlNt 

CitHiiCliNt 

CitHitNaOaS 

CitHaOie 

CitHoOu 

CijHtsOu 

CiiHuOr 

CuHisNiOs 


CitHisOi 

CnHtsNt 

CuHssOis 

CmHttNiOa 

CaHsaNiOs 

CssHssOtt 


Name 




• • 




l^-Toluidine 

Pyridine acetate 

Benaylamine bydrodiloride. . 
p-Toluidine hydrochloitde . . . 

Quinic add 

Alloxantin (SHsO) 

PhthaUo add 

Nas phthalaie. 

Naa Uophtbalate 

Naa terephihalate 

Piperonylio add 

Anido add 

Mandelio add 

VaniUin 

Vanillic add 

Caffeine 

Caffeine (HtO) . . 

Diethyl oyanomalonate 

Ba ethyl oyanomalonate. 

Ba ethyl oyanomalonate 

(4HiO) 

Na ethyl oyanomalonate 

Caprylie add 

Diisobatylamine 

Veratric add 

NItrocumio add 

Na nltrocomate 

Cumie add 

Na eumate 

Nitrocamphor 

Hydrated nitrocamphor 

Nicotine dlhydrochlorlde .... 

Campholenio add 

Camphoric add 

Menthol 

MellitJe add 

Plperio acid 

Bensidine hydrochloride 

Bensidine dih 3 rdrochlorlde. . 

Aniline sulfate 

Dextrin 

Lactose 

Lactose (HtO) 

Suoroae. 

Salidn 

m'-Asobensolo add 

Nat es* m'-asobensoate 

Nat p. p'-asobenaoate 

Tannic add 

Tetrametbyldlaminodi- 

l^enylmethane 

Raffbioee 

Raffinoee (5HfO) . . 

AsooumJc add 

Nat aaooumate 

Hydrmsoeumle add. 

Nat hydraaoeumate 
InuUn 


17 - 


18 - 


14 • 


-18.8 
8.060 

16.03 
13.60 
13.70 

44.4 
30.38 

1,00 
3.3 
3.5 

38.1 

33.1 
13.03 
21.8 
21.50 
11.47 
18.67 


Ut. and tabb 
Ambers 

(») 

(ISS) 

(•D 
(D 

(”) 

(lit) 

(”) 

(”) 

(”) 

(") 

(»•) 

(*•) 

(*•) 

(*•) 

(*«) 

(US) 

(lit) 


10.0 (••) 


20.5 
10 0 

0.67 

30.50 

25.6 


(•*) 

<••) 

(ISS) 

(••) 

<»•) 


- 5.0 (I) 


• • e • 


23 

18 


15.0 
- 7.6 
■n.7 
37.45 
•18.4 
• 3.1 
0 

15.36 
•43.0 

31.4 
24.7 
19.38 

1.13 

10.5 

15.5 
5.53 

13.36 

18.4 

7.5 


18 


♦ • • e 


♦ s e 


(*) 

(«) 

(«) 

(••) 

(•«) 

(«D 

(••) 

(»D 

(••) 

(114) 

(US) 

(ISS) 

(••) 

(••) 

(14,ISSpltS) 

(■•) 

(>) 

(*) 

(ISS) 


0.35 («»*) 


35.3 

(»•) 

-40.6 

(»•> 

38.0 

(*) 

43.1 

(*) 

- 0.4 

(ISS) 


Table 2. — Heats of Solution of Binabt Oboakxo SrerEiw 

(C-Table. — <t-Arrangement (v. VoL III, p. viH) 

The S-component where italicixed is the solute, and otherwise 
is the solvent. Q is expr es s e d in kilojoules evolved per mols 
solute, dissolved in more than one mole solvent; at room tem- 
perature where not given. 


* B*Component 


Formula 


Name (and temp., "C) 

ecu 


lit. and 
Table No.* 

(137); 3 
3 

(»^) 

* The nombers not in parenthcMe are aumben o# other ta bl ee la thb seeSbs 
which should be eoaeulled for furtber dal*. 


CSt 

CHa» 

CH 40 


Carbon bisulfide 

- 1.76 

Chlcroform 


Methyl alcohol 

0.67 
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Formula 


CH4O 

C,H4Br» 

C,H40, 

CtHiPt 

C»H«0 

CJfaO 

CiH^O 

C4HxoO 

CJIi^ 

C4H4N 

CJI^N 

C.H. 

C.H. 

CeHxN 

CJJiN 

C.HtOt 

C,H,Oi 

CtH, 

CiHtNO^ 

C7Hi4 

C7H14 

CitHfiO] 

Cnff4iOi 


CHCU 

CiH4Bri 

C,H.O 

CJi^O 

C4ff.O, 

C4H10O 

C4H. 

CftHisOi 

CioHi 

CioHi* 

C„Hx*A^ 

C.tHuN 


CtH. 


CH4O 

CtHtCWt 

C,H4Br, 

C.H4O 

C,H40. 

CtHiO, 

C,H40 

C,H.O 

CtHnO 

CMiNOt 


Tablb 2. — {Continued) 
B-Component 


1 Name (and temp., **C) 


C CL4« — ( Coniintied) 

I Methyl alcohol — 

Ethylene bromide 

Acetic acid — 

Acetic add — 

Ethyl alcohol 

Acetone - 

Propyl alcohol 

'Ethyl acetate - 

Isobutyl alcohol - 

Ethyl ether 

Pyridine 

Pvrtdine - 

Benzene - 

Benzene - 

Aniline - 

Antltne . - 

Benzoic add - 

Salicylic add - 

Toluene 

Pyridine acetate - 

Heptane . . . - 

Heptane - 

Laurie add - 

Erode add 


- 6.7 

- 0.8 
- 1.88 

0.88 

- 1.7 

0.8 

- 0.29 

- 1.3 
2.1 
1.3 

- 1.3 

- 0.67 

- 0.60 

- 4.62 

- 8.8 
-14.6 i 
-11.3 

- 0.448 

- 0.71 

- 1.00 
-36.6 
-60.6 


Lit. and 
Table No.* 


(127) 

3 

(127) 

(127) 

(127) 

(127) 

(127) 

(127, 130); 3 
(U7) 

(127) 

(127) 

(127) 

(127); 3 
(127); 3, 4 
(127); 3 

(127) 

(127) 

(127) 

,3,4 

1(109) 

(127) 

(127) 

(127) 

(127) 


cs. 

Chloroform — 2.43 

Ethylene bromide 

Ethyl alcohol — 6.7 

Acetone — 7.6 

Ethyl acetate — 6.63 

Ethyl ether — 4.2 

Benzene — 2.80 

Paraldehyde 

Toluene 

Heptane — 2.86 

Nitronaphthalene —22.68 

Naphthalene —20.9 

Pinene 

Azobenzene —20.84 

Dipher\ylamine —16.0 


- 2.86 


(127); 3, 4 
3 

<127); 4 
(127); 4 
(127): 3 
(127); 3 
(127); 3, 4 

3 

4 

(127) 

( 88 ) 

( 88 ) 

3 

( 88 ) 

( 88 ) 


I Toluene 


CHBti, Bromoform 


CHClj, Chloroform 


Methyl alcohol 

4.77 

Chloral hydrate (22*) . . 

-26.07 

Ethylene bromide 

Acetaldehyde 

Acetic acid 

2.43 

Acetic add 

2.1 

Ethyl alcohol 

6.03 

Acetone 

4.85 

Acetone 

8.0 

Urethane (24°) 

-19.3 


(127); 3 

( 122 ) 

3 

3 

(127) 

(127) 

(127); 3 
(127); 3, 4 

(127, 128) 
(122) 


Formula 


CiHeO 

C4H»0, 

C,Hi02 

C4HioO 

CiHioO 

C4H10O 

CsHsN 

CM^N 

CsHijO 

C,H^Cl 

C«H6 

CMe 

CJftO 

C4H7N 

CeH7N 

CiH 10 
C,Hit 
C4Hx,0, 
CiHtOt 

CiHj,N 

CtH^NOt 

CtHx, 

CtH^NO 

Csffio 

CaHx* 

C^^H^NO^ 

C.oHa 

CjiHio 


C,H.O 


C,H40 


* The namb«n not in pnrenth«Ma nre numben of other toblee in thie eectlon 
which chouhl be eoneulted for further dntn. 


CtH/)4 

CtHiOA 

C1H4OS 

C,H*0, 

C 4 H.O 

C,HeO 

CtHiNOt 

C,H,0 

C,H*0 

C4H,0, 
C 4 H.O, 
C 4 H loO 
C4H:oO 

C 4 H 4 N 

CJI^ 

cai%NOt 

CeH. 

C.H. 

C^HfQt 


Table 2. — {Continued) 
B-Component 


Name (and temp., *C) 


CHClj.— (Con/inwd) 

n-Propyl alcohol 

Ethyl acetate 

Ethyl acetate 

Ethyl ether 

Ethyl ether 

Isobutyl alcohol 

Pyridine 

Pyridine 

Isoamyl alcohol 

Chlorobenzene 

o^Niirophenol — 

Benzene 

Benzene 


Phenol 

Anilin e 

Aniline 

• 

Cyclohexene 

Cyclohexane 

Paraldehyde 

Benzoic add 

Toluene 

p-Toluidine (23°) . 
Pyridine acetate. . . 

Heptane 

Acetanilide (26°) . . 

p-X ylene 

Octane 

Nitronaphthalene . . 

Naphthalene (23°). 
Acenaphthene (21°) 


Q 

lit. and 
Table No 



1 

4.69 

(1*7); 3 

6.61 

(1*7); 3 

9.08 

(1*7) 

8.41 

(1*7); 3 

8.8 

(**^);4 

3 

6.19 

(127) 

7.70 

(127) 

3 

3 

-17.03 

(»») 

1.00 

(»*^);3 

1.80 

(127, 130); 

3, 4 

-16.7 

(127) 

0 

(127) 

- 1.3 

(127) 


-13.4 

(127) 

3 

-14.61 

(122) 

5.047 

(109) 

3.06 

(127) 

-18.4 

(122) 

3 

- 2.34 

(127) 

-17.45 

(88) 

-16.11 

(122) 

-18.8 

(122) 


CH4NSO, Urea 

Ethyl alcohol (24°) |r-15.11 ](«**) 


CHtOs, Formic acid 
Acetic acid I 


Oxalic acid 

- 3.64 

(120) 

Oxalic add {2HtO) 

-21.8 

(126) 

Acetic acid 

0 

(12T) 

Acetic add: 

0.79 

(127) 

Ethyl alcohol 


3,4 

Acetone 

- 2.09 

(»*7);3 

Urethane (24°) 

-18.20 

(122) 

n-Propyl alcohol 


3,4 

Isopropyl alcohol 


3 

Ethyl acetate 

- 6.44 

(127) 

Ethyl acetate 

- 3.10 

(127) 

Ethyl ether 

- 2.6 

(>*’'): 3 

Isobutyl alcohol 


3 

Pyridine 

2.30 

(127) 

Pyridine 

4.19 

(127) 

Isoamyl alcohol 


3 

O’Nitrophenol 

-20.1 

(127) 

Benzene 

-11.7 

(127) 

Benzene 

- 1.61 

(»*7); 4 

Besordnol 

0.84 

(127) 
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Table 2.-n‘(Con(inued) 
B-Component I 


i 


Formula Name (and temp.,®C) 


C.HtN 

CtHjN 

C7HJVO4 

CyH,0^ 

CjH.Oz 

C7H,NOt 

CtZ/tATO, 

CjHjNOt 

CtIL 

CtHi, 

Crffu 

CtH^O 

CrH^Ot 

C10//1 

C\tH\o 

CitHttOt 

CiiHnOi 

C\%H le 


C,H.O 

C*H,0 


C,H/) 

C,H/) 

C4H10O 

CtH. 


CiHiCU 

CtH40t 

CtHiOt 

C%HtCl 

CtH. 
C%H 10 
CdStt 
C%Hi4 

CjHm 

CtHi% 

Ctffii 

CtaHii 


C.H, 

C,H, 


CtH«0 

C 4 HM 


C«HiO 

CJJ.0 

C«H«0 

CtH^ 

CsH<0. 

CAO 


Lit. and 
Table No. 


(127) 

(127) 

(127) 

(126, 127) 
(126, 127) 
(127) 
(127) 
(127) 

(127) 

(127) 

(127) 

(127) 

( 122 ) 

(126) 

( 122 ) 

( 122 ) 

(127) 

(127) 

(127) 

(127) 


(126) 

(126) 


(126) 

(126) 




L 


CH4O. — (Continued) 

Aniline 0.08 3 

.Aniline 2.85 (*^7) 

o~Nitrobemoic acid —17.2 

m~Nitrobemou idd —16.1 (’^7) 

Benzoic acid ( 1 ^°) -12.1 (126,127) 

Salicylic acid —13.0 (126, 127) 

m~H ydroxyhenzoic acil . . . . — 8.79 (**7) 

o-Aminobenzoic acid —12.6 (**^) 

m^Aminobemoic acid —19.7 (^2^) 

p-Aminobenzoic acid — 9.21 (^27) 

Toluene — 4.60 ('2^) 

Heptane — 9.63 (^27) 

Heptane.... - 4.66 (**7) 

Acetanilide (24®) —18.8 (^22) 

Cinnamic acid (13®) —16.9 (**®) 

Naphthalene (24'') -17.70 (^22) 

Acenaphihene (24®) —25.9 (*22) 

Laurie acid —41.4 (**7) 

Myrieiicacid —61.06 (^27) 

Palmitic acid —61.62 ('27) 

Triphenylmeihane —24.6 ('27) 

C3H1O4, Oxalic acid 

C*H«0 Ethyl alcohol — 6.31 ('26) 

CtH«0 Propyl alcohol — 7.87 ('2<) 

C1HSO4.2H3O, Oxalic acid 

Ethyl alcohol —23.4 ('2*) 

U»H«0 Propyl alcohol —27.6 ('**) 

CsHfClaOs, Chloral hydrate 

Ethyl alcohol (24®) — 4.73 (««* 122) 

I3iH«0 Acetone — 2.89 (««) 

[I4H10O Ethyl ether 0 (*®) 

Toluene (24®) —31.4 ('22) 

CsH4Br«, Ethylene bromide 

Ethylene chloride 3 

Acetic acid 5 

Acetic acid 5 

Chlorobenzene 3 

Benzene 3 

Cydohexene 3 

Cyclohexane 3 

n^Hexane 3 

Toluene 3 

p-Xylene 3 

Meeiiylene 3 

p~Cymene 3 

CsHiCls, Ethylene chloride 

Benzene 3 

CtHi Toluene 3 

C1H4O, Acetaldehyde 

C#HiO Ethyl alcohol 3 

C 4 H itO Ethyl ether, 3 

CtH40», Acetic acid 

C*HiO Ethyl alcohol — 1.06 (7) 

CiffcO Ethyl alcohol — 2.01 ('*7) 

CtHcO Acetone I.33 ('*7) 

C%HtO Acetone 0.84 ('*7) 

CsH^s Lactic add 3 

CiH<0 Propyl alcohol — 1.42 ('27) 

• The Bvmben not in pnrentbeeee ere namben of other tablee in this eeetion 
whidi aboold be ooneolted for farther data. 


( 88 , 122 ) 

( 88 ) 

( 88 ) 

( 122 ) 


1.05 

2.01 

1.38 

0.84 


- 1.42 


(127) 

(127) 

(127) 

3 

(127) 


Formula 


CtHtO 

C4H«Os 

C4H4O, 

C4H,oO 

C4H,oO 

C^HiN 

CsH. 

C.H4 

CeH.O 

CeHii 

C^HjN 

C7Ha 

CjHit 

C.oH, 


CiH^O 


CiHeO 

CtHjNOt 

C,H*0 

C^H/), 

CJlkNOt 

C4HSO, 

C 4 H.O, 

C4 H,oO 

C4H10O 

C»H.N 

C^HuO 

C,HiN^, 

C*H, 

CtH. 

CJItO 

C^rOt 


CJIrOt 

C^HtN 

CtHiN 

C.Hs07 

CtHi,OJ> 

CiHuNOt 

C7H.O, 

C7H6O, 

C7H.O, 

CrHjNO 

C.HiNOt 

CiHiNOt 

CiHiNOt 

CiHd^ 

C7Hi« 

CJItNO 

CieH. 


Ci*Hi40 

CieffniO 

CitHi9 


Table 2. — (Continued) 
B-Component I 


Name (and temp., ®C) 


Lit. and 
Table No.® 


CiHiOs. — (Coniintted) 

Propyl alcohol I - 

leobutyric acid 

Ethyl acetate 

Ethyl ether 

Isobutyl alcohol - 

Pyridine 

Benzene - 

Benzene - 

Phenol - 

Cyclohexane 

AnHine. 

4 J 

Toluene — 

Heptane — 

Naphthalene I — 


- 3.06 


0.64 

1.67 

2.76 

27.2 

1.88 

2.26 

10.00 


28.9 

1.3 

6.40 

17.46 


(127) 

3 

(127) 

(127) 

(127) 

(127) 

(>*»); 3, 4,5 
( 88 ) 

3 

(127) 

(127) 

( 88 ) 


CsHsNO, Acetamide 

I Ethyl alcohol (23®) 1-16.11 | (*»») 


CsHtO, Ethyl alcohol 

Acetone — 6.11 

Urethane (^'t") -19.80 

n-Propyl alcohol 

Glycerol (24®) - 3.18 

Succinimide (22®) -22.86 


Ethyl acetate — 7.63 

Ethyl acetate — 4.81 

Ethyl ether — 3.8 

Isobutyl alcohol 

Pyridine 0.64 

Pyridine 2.26 

Isoamyl alcohol 

Dinitrobenzene —17.66 

* 

Benzene —16.7 


0.64 

2.26 


Benzene 

Phenol 

Rezorcirud (23®) 


1.61 

2.6 

2.89 


PyrogaUol I 3.00 

Aniline — 2.26 

Aniline 1.00 

Citric acid — 17.87 

Triethyl phozphate — 0.8 

w-Nitrobenzoic acid —12.1 

Benzoic acid —12.6 

Salicylic acid —11.3 

m^Hydroxybenzoic add. • • • “ 6.70 

Penzamide (24®) —17.74 

o-Ami7M>6enzaic acid — 11.3 

m^Aminobemoie acid 1 — 18.4 

p^Aminobedkoic acid — 7.63 

p-Toluidine (24®) —16.28 

Heptane — 3.3 

Heptane — 2.64 

Acetanilide (23®) -17.6 

Cinnamic acid —16.6 

Naphthalene (24®) —20.34 


Thymol — 8.79 

Menlhd - 7.91 

Acenaphihene (24?) —24.7 


|(**^);3 

(IM) 

3,4 

( 88 ) 

(*«) 

(**7);3 

(1*T);3 

3 

(>*^) 

(**’’) 

3 

(••) 

(>*^);4 

('*»); 3,6 

(88, 1*7) 
(88, 1*1, 
1*7) 

(••) 

(1*7) 

( 88 ) 

(«) 

(1*7) 

(1*6, 1*7) 

(1*6, 1*7) . 

(»*") 

( 1 **) 

(1*7) 

(1*7) 

(1*7) 

( 1 **) 

(1*7) 

(1*7) 

( 1 **) 

( 1 * 6 ) 

( 66 , 1 **, 

(••) 

(••) 

( 1 **) 
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Table 2. — {Continued) 


B-Component 


Lit. and 



Q 

Formula 

Name (and temp., *C) 

Table No.* 


CtHeO. — (Continued) 


Table 2. — (Continued) 


B- Component 

9 

Lit. and 



Q 

Formula 

Name (and temp., *C) 

Table No.* 


C 4 H 6 CISO 1 , Ethyl tricbioroacetate 


C\%B\oN% 
Cliff mO* 
Cliff 1, 

Cliff 4l0t 


CiffiffO, 

CiHiO 

CiffiOi 

CiffloO 

CiHiClO 

CiHi 

Ciff. 

CJitO 

CiffiO, 

C.ff,0, 

CJijN 

CiffiOr 

CrffiO, 

C,ff.O, 

CiH.NOt 

Crffi. 

Ci^iATO. 

Cioffi 

Cliff gff 

Cioffgff 
Cliff 10 
Cliff loff, 

Ciiffiiff 

CiiffgiO, 


CiffiO, 

Ciff, 


CiHiO 

CtH. 


CiffiO. 

CJIi/) 

CiHioO 

CiHiN 

CiHiiO 

C.H. 

Ciff. 

Ciff.0, 

CJIyN 

CiH^N04 

CiffiOi 

C1H4O4 

CtHi. 

Cjffu 

Ciff/). 

Cioffi 

Cliff 10 
Cliff 14O1 


Diphenyl 

Aiobenzene 

Laurie acid 

Phenanlhrene (24®) 
Etude add 


-17.79 

-21.97 

-40.6 

-18.04 

-66.08 


CtHoOi Acetone 

Urethane 

Isopropyl alcohol 

Ethyl acetate 

Ethyl ether 

o^Chlorophenol 

Benzene 

Benzene : . . . . 

Phenol 

Resorcinol 

PyrogaUol 

Aniline 

Citrie add 

Benzoic add 

Salicylic add 

Pyridine acetate 

Hepla$„e 

N itronaphthalene 

Naphthalene 

a-N aphthylamine 

aphthylamine 

Diphenyl 

Azobenzene 

Diphenylamine 

Etude add 


16.86 


- 0.63 


1.3 

1.09 

0.59 

4.19 
6.82 
6.44 

13.4 

12.1 

10.9 
1.386 

7.20 
29.17 
18.29 
10.84 
16.61 
18.71 

23.10 
13.62 
63.6 


CiHtOi, Methyl acetate 

Ethyl acetate 

Benzene 

CsHtNOi, Urethane 


CiHtO, n-Propyl alcohol 

Ethyl acetate 

Ethyl ether 

Isobutyl alcohol 


Isoamyl alcohol 

Beniene " 

Benzene 


Aniline 

o~Nitrobenxoie add. . 

Benzoic add 

Salicylic add 

Heptane 

Heptane 

Cinnamic add (13®) 

Naphthalene 

Acenaphihene (13*). 
add 


- 6.48 


0.17 

14.6 
2.26 
0.84 
1.51 

20.9 

14.2 

13.8 
9.21 
1.63 

16.9 

20.6 

28.60 

40.2 


(S8) 

( 88 ) 

(127) 

( 122 ) 

(127) 


( 88 ) 

( 112 . 6 ) 

3 

4 

(127) 

(127) 

( 88 ) 

(127) 

( 88 ) 

(127) 

( 88 ) 

(127) 

(127) 

(109) 

(127) 

( 88 ) 

( 88 ) 

( 88 ) 

( 88 ) 

( 88 ) 

( 88 ) 

( 88 ) 

(127) 


3,4 

4 


Propyl alcohol (26®) 

-25.32 

Toluene (23®) 

-26.8 


( 122 ) 

( 122 ) 


• TL® numban not In pVAnihe®®® nr® numbon of 
which should b® consulted for further date. 


(»*^);3 

3 

3 

(127) 

3 

(127) 

(»*^);4 

(127) 

0*7); 3 

(127) 

(126, 127) 

(126, 127) 

(127) 

(127) 

(126) 

(tt2,lX7) 

( 122 ) 

(127) 


other tables In this eec 


CiffeO, 

\ Ethyl acetate 

1 

13 

CiffioO 

CiHsOf, JEthyl acetat 
Ethyl ether 

e 

3,4 

C 4 H 10 O 

Isobutyl alcohol 

- 6.70 


C»H»N 

Pyridine 

- 0.26 

(127) 

C.Hi,0 

Isoamyl alcohol 


3 

C6ff4Ar^4 

m^Dinitrobenzene 

14.790 

1 (56) 

CeH® 

Benzene 

- 0.67 

(>*’): 3 

Ceffe 

Benzene.-: 

- 0.69 

(>*^); 4 

CeffeOi 

Resordnol 

1.3 

(127) 

C4H^N 

Aniline 

3.01 

(127) 

CgHijOi 

Amyl formate 


3 

C^HiNO^ 

o^Nitrobenzoic acid 

-13.4 

(127) 

CvffeOr 

Benzoic add 

-13.0 

(127) 

CTffgO. 

Salicylic acid 

- 8.37 

(127)' 

CrffeO, 

m-H ydroxybenzoic acid. . . . 

- 7.95 

(127) 

CrffgA^O, 

Pyridine acetate 

- 0.988 

(109) 

C 7 H 14 OJ 

Amyl acetate 


3,4 

C 7 H 1 . 

Heptane 

- 5.06 

(127) 

CTffl. 

Heptane 

- 5.61 

(127) 

CgHioO* 

Ethyl benzoate 


3 

Cioffg 

Naphthalene 

-17.2 

(127) 

Cliff 14 C 1 

Laurie acid 

-41.0 

(127) 

Cliff 4lOl 

Erode acid 

-56.5 

(127) 

C 4 H 4 N 

C 4 H 0 CI, Isobutyl chloi 
Pyridine 

■ide 

1.3 

(127) 

C 4 H 4 

Benzene 

- 0.96 

(127) 

Ciffu 

V 

Heptane 

- 2.01 

(127) 

Cgff loC 

C 4 H 10 O, Ethyl ethe 
Isobutyl alcohol 

r 

3 

CiHgN 

Pyridine 

- 0.84 

(127) 

C 4 H 11 O 

Isoamyl alcohol 


3 

C®ff4fflO* 

m-Dinitrobenzene 

-22.64 

(88) 

CJiiNOt 

o-Nitrophenol 

-17.6 

(88) 

C.H. 

Benzene 

- 0.42 

(‘*T);4 

C 4 H 4 O 

Phenol 

— 0,36 

(88) 

(88) 

C®ff«0, 

PyrogaUol 

- 1.7 

CtHiN 

Aniline 


3 

CeffiiOj 

Paraldehyde 


3 

CiffiO, 

Benzoic add 

- 10.0 

(127) 

CioHiNOt 

N itronaphthalene .« 

-24.20 

(88) 

Cioff. 

Naphthalene 

-20.30 

(88) 

C 10 H 14 Q 

Thyrhdl 

- 4.48 

(88) 

Cioff »c 

Menthol 

-19.29 

(88) 

Cliff lofft 

Azobenzene 

-20.67 

(88) 

Ciiffitff 

Diphenylamine 

-14.6 

(88) 

C^Hx^O 

C 4 H 10 O, Isobutyl alco] 
Isoamyl alcohol 

hoi 

3 

C 4 H 4 

Benzene 

- 3.18 

(127) 

Ciffu 

Heptane 

- 1.7 

(127) 

CoHiClO 

CfrHgN, Pyridine 
o-Chlorophenol 


4 

C®ff»ffO, 

o-Nitrophenol 

- 10.0 

(127) 

Coffi 

Benzene 

0 

(127) 

C 4 H 4 O 

Phenol 

7.11 

(127) 

CJI^Ot 

Resordnol 

20.9 

(127) 

CiffsO 

o-C resol 


4 

CiHiO 

m-Creaol 


4 
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(Continued) 


B“Coraponent 


Lit. and 
Table No.® 

Formula 

Name (and temp., ®C) 

Q 


Tabls 2. — (ConHtmed) 


CjHio 

C,Hi. 

CJI. 

cai»ci 

C.H. 

C.H. 

CJIuN 

CtHtN 

CJliN 

CtH.N 

C,HnN 

c*WiiAr 

CiqHiiN 

cja. 

CrHuOf 

CtHtO 

CJItN 

CdliN 

CJIi, 

C«Hu 

CtH/), 

CtH, 

C7H.0 

CtHii 

CtHi. 

CJIto 

C.H,, 

CioHjNOt 

CitHt 

Ci^HiiO 

CioHit 

CioHtoO 

C\%Hi9 

CtiHitNt 

CttHnN 

CiiHtiOi 

c,jy»o, 

CitfftjO* 

CttH4s0a 


CiHioOt, Propyl acetate 
Amyl formate I 

CiHiiO, Amyl alcohol 
p-Xylene | 

C»HiiO, Isoamyl alcohol 


|3 


Benzene 

- 2.9 

Heptane 

- 1.3 


CeHiNfOiv m-Dinitrobenzene 

Benzene | — 15.86 

C»H»Br, Bromobenzene 

Chlorobenzene 

Benzene 

CeHkCl, Chlorobenzene 

Benzene 

p-X ylene 

CeHftClO, o-Chlorophenol 

Dimethylaniline 

Quinoline 

C«H»NOs» Nitrobenzene 

Antit'fie 

o-Toluidine 

Dimethylaniline 

Ethylaniline 

Diethylaniline 

CcHJiOi, o-Nitrophenol 

Benzene 

Isoamyl acetate 

Benzene 

Phenol 


-20.9 

-14.73 


Reeonsinol 

Aniline 

Antltne 

Cyclohexane 

n~Hexane 

Benzoic acid 

Salicylic acid 

Toluene! 

m-Cresol 

Pyridine acetate. . 

Heptane 

Heptane 

m-Xylene 

Octane 

Nitronaphthalene . 

Naphthalene 

Thymol 

Pinene. 

Menthol 

Diphenyl 

Azohenzene 

Diphenylamine . . . 

Laurie acid 

Myristic acid 

Palmitic add 

Triphenytmetharu 
Brude acid 


-18.41 
-16.78 
- 2.61 
- 4.86 


-14.2 

-23.9 


- 0.866 

- 2.89 

- 4.39 

- 2.9 
-22.62 
-18.60 
-23.8 

-28.0 
-18.0 
-21.18 
-16.99 
-40.6 
-60.2 
-69.0 
-17.6 
- 66.6 


(127) 

(127) 

(*•) 

3 

3 

( 121 ) 

3 


4 

4 


3 

3 

3 

3 

3 

(88, 127) 
( 88 ) 

(88, 127) 
( 88 ) 
(127) 
(127) 

3 

3 

(127) 

(127) 

3,4 

3 

(108) 

(127) 

(127) 

3 

(127) 

( 88 ) 

(••1 187) 
(88, 127) 

3 

( 88 ) 

(••) 

( 88 ) 

( 88 ) 

(127) 

(127) 

(127) 

(127) 

(127) 


B-Component 



Formula 

Name (and temp., *C) 

Q 

Lit. and 
Table No.* 


C«H«0, Phraol 


CJItN 

1 Aniline 


1 (*®») 


C4H4O., Pyrogallol 


CtHyN 

Aniline 

. 11.61 

(••) 

C7Hi40* 

Amyl acetate 

0 

(••) 


C«HtN, AniHne 



CJfu 

Hexane 


(•*) 

CtHi* 

Heptane 

—10.17 

(127) 


p-X ylene 


4 

C ioHtNOj 

Nitroriaphihalerie 

-17.64 

(88) 

CioH, 

Naphthalene 

-19.80 

(••) 


CiHitt (ITyclohexane 


Ctff 14 

n-Hexane 


3 

CtH. 

Toluene 


3 

C.Bi. 

p-Xylene 


3 


CrHiOf, Benzoic acid 


CtH. 

1 Toluene 

1-14.2 

1 (“T) 


CtH., Toluene 



CtH«0 

m-Cresol 


3 

CtH\0 

Heptane 

- 2.26 

(127) 

Cjlto 

p-Xylene 


3 

C ioHi 

Naphthalene (23®) 

-17.87 

(122) 

C| Jfio 

Acenaphthene(2^^) 

-20.06 

(122) 

Ci%H\d)% 

Laurie add 

-38.1 

(127) 

C\%Hi% 

Triphenyltneihane 

-17.2 

(127) 


CtHcO, m-Cresol 



CtHJI 

o-Toluidine 

1 

3 

CeHnN 

Dimethylaniline 

1 

3 


C7H14O1, Amyl acetate 


C iftH tATOj 

Nitronaphthalene 

-18.76 

(••) 

C\%H\9N% 

Azebenzene 

-20.67 

(«) 

CiJTuN 

Diphenylamine 

-14.86 

(••) 


CflHi., o-Xylene 



CiHie 

m-Xylene 


3 

CgHio 

p-Xylene 


3 


C.H10, m-Xylene 



C»Hio 

p-Xylene 


3 

CtHiiN 

Dimethylaniline 


3 


Tablb 3 

The concentration is expressed by xa, the mole fraction of the A- 
component in the mixture. Q is expressed in kilojoules evolved 
per mole mixture. The temperature is between 16 and 20® unless 
otherwise indicated. 

(Continued) 


HsO 

(»*) 


Ethyl alcohol 


*A, t 

V 

0.840 

77* 

-0:078 

0.848 

79.2* 

+0.169 


* The numben not in pnrentheMs are numbers of other tebleo in this section 
whidi abould be consulted for further detn. 


B - C,H«0, (118) 

Glycol 

I Q 
t -17® 

0.1 0.176 

0.2 0.349 

0.3 0.423 


xa 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

0 

i 

0.1 

0.2 

0.3 


Q 

0.6349 

0.7286 

0.7713 

0.7^ 

0.7110 

0.619 

32® 

0.147 

0.296 

0.367 


B — 

(Continued) 


XA 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 


Q 

0.6311 

0.6148 

0.6606 

0.6728 

0.6487 

0.420 


t - 66 


0.1 

0.2 

0.3 


0.136 

0.271 

0.328 




HEAT OF SOLUTION— ORGANIC SUBSTANCES; TABLE 3 


io*:) 


B ^ CjHeOi** 

{CorUinued) 


C«H«. — {CorU*d) 


xa 

(t.5 

0.6 

0.7 

0.8 

0.0 


Q 

0.4838 

0.5574 

0.6056 

0.6211 

0.5867 

0.397 


i = 76° 

0 1 I 0 1.^16 


0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 


0 . 4708 
0.5311 
0.5604 
0.5796 
0.5679 


CCI4 
* CSj 
i * 25° 


0.0934 
0.1425 
0.2838 
0.4001 
0 . 5393 
0.6693 
0.8153 


-0.127 

-0.180 

-0.276 

-0.307 

-0.311 

-0.264 

-0.179 


B - CHCl, (»« t) 
t - 25° 

-0.103 
-0.176 
-0.219 
.228 
.226 
.185 
1.146 


0.1150 
0 . 2428 
0 . 3623 


B « CiH4Bri (»4.i) 
Ethylene bromide 
t = 25° 

0.1146 -0.198 

0.2817 -0.406 

0.3733 - 0.472 
0.4835 -0.609 

0.6404 - 0.511 

0.7565 -0.414 

0.8455 - 0.274 


B - C 4 HO 1 («*) 

Ethyl acetate 
t - 74.8° 
0.308 I -0.269 


C*He (•^•») 

t » 25° 


0.2996 

0.3506 

0.5012 

0.6177 

0.7309 

0.8675 


-0.091 

-0.106 

-0.107 

-0.104 

-0.089 

-0.054 


(“) 

0.033 -0.013 

0.256 x-0.086 


XA 

Q 

0.443 

-o.no 

0.607 

- 0.111 

0.538 

-0.106 

0.636 

-0.098 

0.764 

-0.072 


B " C4H10O-- 

(ConHnued) 


XA 

Q 

0.7305 

-0.397 

0.7703 

-0.358 

0.9246 

-0.167 


CeHrN («4) 

Aniline 
t * 25° 


CeHe 

118) 

t = 25° 


0.0942 
0.1848 
0.3005 
0.4152 
0.4827 
0.5504 
0.6215 
0.7175 
0.7888 
0 . 8627 
0.9092 


-0.408 

-0.707 

-0.991 

-1.181 

-1.218 

-1.245 

-1.209 

-1.129 

-1.030 

-0.787 

-0.623 


0.2020 
0 . 5224 
0 . 6229 
0 . 7259 
0.8384 
0.9025 


-0.338 

-0.565 

-0.541 

-0.465 

-0.339 

-0.227 


B = CeHuO, 
Paraldehyde 

t = 25° 

0.2974 I -0.959 


B - CtH, (S) 
Toluene 

0.216 0.0160 

0.327 0.0193 

0.475 0.2678 


cs, 

B = CHCl, 
t = 25° 

0.1897 1 -0.313 


0.3908 

0.5498 

0.6365 

0.6972 

0.8243 

0.9082 


-1.126 

-1.268 

-1.250 

-1.193 

-0.916 

-0.580 


B = CioHu ( 94 , 1 ) 
Pinene 
t = 25° 


0 . 3492 
0.4046 
0.5906 
0 . 6720 
0.8193 
0.9351 


-0.474 

-0.513 

-0.534 

—0.602 

-0.352 

-0.143 


0.2845 
0.4719 
0.6532 
0.7353 
0 . 7976 
0.8998 
0.9586 


-0.264 

-0.367 

-0.379 

-0.353 

-0.318 

- 0.200 

-0.095 


CEffifs 

B = CtH* (*) 
Toluene 


B - 

Ethylene bromide 
t * 26° 

0.1607 1 -0.378 


0.3728 

0.5184 

0.6683 

0.8300 

0.9206 


-0.693 

-0.788 

-0.792 

-0.621 

-0.280 


0.067 

0.238 

0.444 

0.780 

0.940 


0.082 

0.248 

0.326 

0.223 

0.075 


CHCI3 

B * CH 4 O (»<•>) 
Methyl alcohol 
t * 26° 


B - C4H,0, (»41) 
Ethyl acetate 
t 26° 

0.2199 I -0.729 


0.4690 

0.5249 

0.6522 

0.7678 

0.8119 

0.9130 


-1.123 

-1.146 

- 1.112 

-0.946 

-0.821 

-0.468 


0.1154 

0.434 

0.2041 

0.594 

0.3001 

0.607 

0.4716 

+0.349 

0.6345 

-0.014 

0.6645 

-0.080 

0.8042 

-0.314 

0.9141 

-0.393 


i - c.H„o 

Ethyl ether 
I * 26° 

0.1462 -0.200 

0.3671 -0.396 

0.4167 -0.430 

0.6014 -0.466 


B - C,H4Bri (»*■») 

Ethylene bromide 
t - 26° 


0.2991 

0.4246 

0.5352 

0.6293 

0.8476 

0.8902 


0.087 

0.103 

0.109 

0.108 

0.048 

0.030 


B » C,H40 
Acetaldehyde 
i - 26° 


0.2126 
0.2562 
0.3833 
0.4144 
0.4348 
0 . 6787 
0 . 6759 
0 . 7226 


0.652 

0.782 

1.058 

1.109 

1.121 

1.208 

1.133 

1.076 


i « CAOs (»<•») 

Ethyl acetate 
t - 26° 

0.2145 1.109 

0.3766 1.748 


B « CiH^O 

Ethyl alcohol 

t = 

25° 

0.1216 

0.608 

0.1765 

0.644 

0.3175 

0.624 

0 . 3777 

1 0.489 

0 . 4770 

0.246 

1 

0.5716 

+0.009 

0 .7470 

-0.365 

0.8350 

1 

-0.457 

0.9412 

-0.387 

B - C,H«0 (51) 

Acetone 

ZA. t 

1 Q 

0.262 67* 1.214 
0.369 69® 1.569 
0.614 62® 1.544 

XA 

1 Q 

li 

® (94.1) 

0.2481 

1.167 

0 . 3967 

1.715 

0 . 4578 

1.868 

0.5004 

1.921 

0.6476 

1.973 

0.6486 

1.900 

0.6981 

1.776 

0.7638 

1.573 

0.9808 

0.159 

B « CAO (»<-*) 
n^Propyl alcohol 

i = 

25° 

0.0486 

0.212 

0.1640 

0.416 

0 . 2794 

0.342 

0.3399 

+0.244 

0.5011 

-0.131 

0 6123 

-0.161 

0.6823 

-0.616 

0.7411 

-0.587 

0.8347 

-0.637 

0.9359 

-0.449 


- CAoO 

Ethyl ether 
XA I Q 


0.1819 

0.3627 

0.4805 

0.5031 

0.5243 

0.5841 

0.6563 

0.7516 


Paraldehyde 


<? 

XA 

Q 

6° 

t = 

26° 

1.445 

0.2406 

1.349 

2.406 

0.3982 

1.988 

2.701 

0.4981 

2.231 

2.708 

0.6916 

2.311 

2.714 

0.6996 

2.142 

2.699 

0.8519 

1.373 

2.402 

0.9428 

0.611 


0.7158 

0.9102 


B = C 4 H 10 O (»< l) 
Isobutyl alcohol 
t = 25° 

0.0586 0.080 

0.0822 +0.089 

0.1980 -0.015 

0.2804 -0.214 

0.5146 -0.743 

0.6103 -0.873 

0.8225 -0.882 

0.9502 -0.455 

R — (94A\ 

Isoamyl alcohol 

t = 

25° 

0.0129 

0.102 

0 . 0789 

0.157 

0.1972 

+0.144 

0.3742 

-0.139 

0.4590 

-0.336 

0 . 6793 

-0.656 

0.7986 

-0.752 

0.9402 

-0.483 

B - CeH.Cl (*) 

0.204 

0.102 

0.339 

0.149 

0.4344 

0.168 

0.661 

0.1753 

B - CA («) 

0,067 

0.063 

0.230 

0.193 

0.340 

0.268 

0.584 

0.360 

0.737 

0.306 

0.850 

0.201 

t = 26 

® (»4.1) 

0.1461 

0.197 

0.3115 

0.324 

0.4584 

0.401 

0.6601 

0.424 

0 . 7672 

0.369 

0.8681 

0.239 

B - C.H 10 (S) 

Cyclohexene 

0.100 

. 0.0410 

0.290 

0.0891 

0.526 

0.1096 

B - CMit (») 

Cyclohexane 

0.255 

-0.6102 

0.410 

-0,6424 

0.678 

-0.6278 

0.696 

-0.5487 

0.873 

-0.2942 


B = CtHs (5) 
Toluene 

0.075 0.184 

0.260 0.5374 


B CsH,o (S) 
p-Xylene 


0.097 

0.298 

0.425 

0.490 

0.772 

0.856 


0.285 

0.720 

0.875 

0.912 

0.672 

0.473 


CH 2 O 2 

Formic acid 
B = CAO, (101. 

104) 

Acetic acid 
0.50 I 0.303 



60 
60 
0.76 
0.76 


0.061 

0.040 
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CH.O.- 

B = C,H 
Ethyl 
xa. I 
( = 

0.2173 

0.3197 

0.6682 

0.0386 

0.7101 

0.8221 

0.9259 


•(ConVd) 

loO (»4.1) 

ether 

Q 

25® 

-0.414 

-0.602 

-0.410 

-0.336 

-0.257 

-0.153 

-0.049 


B = C4H10O 
Isobutyl alcohol 
t ■= 25° 

0.5140 -0.170 

0.7135 -0.165 

0.8508 - 0.116 

B « CM 12 O (9<-i) 
Isoamyl alcohol 



Ethylene bromide 
B = CjHXIt («) 
Ethylene chloride 
0.215 I -0.123 


B « C.H»C1 (5) 
Chlorobenzene 
0.070 -0.086 

0.332 -0.286 



B » C^Hi, (5) 
Cyclohexane 
0.098 -0.400 

0.182 -0.841 


B = C4H,,.- 
{Continued) 


Xa 

Q 

0.308 

-1.184 

0.375 

-1.297 

0.495 

-1.381 

0.629 

-1.364 

0.555 

-1.360 

0.687 

-1.168 

0.690 

-1.168 

0.765 

-0.992 

0.842 

-0.741. 

0.949 

-0.2745 


B = CeHu (5) 
r^-Hezane 
0 94 I -0.4009 

B = C7H. (5) 
Toluene 

0.078 I +0.0732 


0.250 

0.450 

0.567 

0.710 

0.830 


- 0.0121 

-0.0691 

-0.0975 

-0.114 

-0.109 


B = CsH.o (8) 
P-Xylene 


0.082 

0.272 

0.486 

0.602 

0.642 

0.722 

0.868 

0.966 


0.087 

0.175 

0.106 

0.036 

+0.010 

-0.036 

-0.0632 

-0.029 


B = C.H„ (8) 
Mesitylene 


0.110 

0.350 

0,486 

0.638 

0.749 

0.878 


0.0737 

+0.0360 

-0.0636 

-0.1331 

-0.1632 

-0.1163 


B = Ci(JE[i4 ( 8) 
p-Cymene 
0.100 -0.00862 
0.320 -0.0866 
0.454 -0.1787 
0.610 -0.2611 
0.804 -0.297 
0.900 -0.2335 


CtHXlj 
Ethylene chloride 
B = C.H. (8) 
0.74 I -0.0732 


B = CtH, ( 8) 
Toluene 


1.079 
1.262 
1.385 
1.537 
1.618 
).803 
0.944 


0.0427 

0.0783 

0.661 

0.025 

+0.0025 

-0.0314 

-0.0184 


C2H4O 

Acetaldehyde 

B = CjH.O (104.1) 
Ethyl alcohol 
xa I Q 


xa 

0.1621 
0 . 2475 
0 . 2709 
0.2910 
0 . 3059 
0.3422 
0.3906 
0.4211 
0.4244 
0.4422 
0 . 4973 
0.5114 
0.5285 
0.5470 
0.5812 
0 . 6478 
0.6717 
0.8110 


-1.530 

-2.750 

-2.979 

-3.300 

-3.269 

-3.756 

-3.974 

-4.131 

-4.104 

-4.177 

-4.188 

-4.029 

-3.599 

-3.085 

-2.826 

-2.321 

-2.160 

-1.658 


B = C^H.oO (94.1) 
Ethyl ether 
t = 25° 

0.3477 I -0.523 


0.5434 
0.6588 
0 . 7473 
0 . 8740 


-0.565 

-0.615 

-0.428 

-0.250 


C2H4O2 
Acetic acid 
B « C,H«0, (104) 

Lactic acid 
0-5 I 0.258 


B « CiHsO, (104) 

Isobutyric acid 
0.49 I 0.206 


B CeH, (4) 

t = 5.3° 

0.1528 -0.064 

0.1765 -0.083 



Toluene 


0.189 

0.258 

0.324 

0.437 

0.482 

0.537 


-0.2256 

-0.2754 

-0.3281 

-0.368 

-0.3729 

-0.3720 


CM,0 

Ethyl alcohol 
B - CjHiO (94.1) 

Acetone 

Xa I Q 
t = 25° 

0.1710 I -0.705 


CaHflO 

Acetone 

=• CfHsOs (94.1) 

Ethyl acetate 


0.3404 
0.4417 
0.5400 
0.5558 
0.6325 
0 . 7392 
0 . 8947 


-1.055 

-1.123 

-1.117 

-1.117 

-1.050 

-0.879 

-0.444 


t 

0.2062 
0 . 3237 
0.5046 
0 . 5965 
0.6644 
0 . 7535 
0.9128 


Q 

25° 

-0.093 

- 0.120 

-0.133 

-0.131 

-0.123 

-0.098 

-0.045 


B = CjHsO 
n-Propyl alcohol 
I = 25° (94.1) 


B = C4H10O 

Ethyl ether 
t = 25° (94.1, 117) 


0.3541 

0.6031 

0.8030 


-0.023 

-0.027 

- 0.021 


t = 25° (113) 
0.158 I -0.013 


.796 

.902 


0.1155 
0.2068 
0 . 2943 
0 . 4998 
0 . 7270 
0.8295 
0 . 9077 


0.249 

0.385 

0.461 

0.505 

0.385 

0.258 

0.159 



XA 

, t 


Q 

(»•) 

0 

.334 

37. 

1® 


0.473 

0. 

.456 

40® 


— 

0.404 

0. 

594 

40 

5® 


0.657 

0. 

789 

46. 

3® 


0.312 


B = C^HsO, (94.1) 

Ethyl acetate 

t = 

26° 

0.1932 

-0.934 

0.6346 

-1.320 

0 . 6445 

-1.166? 

0.5812 

-1.216? 

0 . 7077 

— 1 046 



0.9051 

-0.421 


CaHcOj 
Methyl acetate 
B =■ C4H,0, 
Ethyl acetate 

(101, 104) 

Xa Q 

0.60 0.052 


= C4H10O (94.1) 

Ethyl ether 
t * 25° 


n-Propyl alcohol 

B - C4H,0, (94.1) 

Ethyl acetate 
t = 25° 


0 . 0882 

0.2756 

0.4379 

0.5889 

0 . 6675 

0.7191 

0.8380 

0.9695 


-0.382 

- 0.668 

-0.677 

-0.569 

-0.478 

-0.434 

-0.254 

-0.040 


1 0.1382 
0.2784 
0.4406 
0.4779 
0 . 4875 
0 . 6248 
0.7880 
0.9101 


-0.852 
-1.318 
-1.521 
-1.523 
-1.511 
-1.406 
-0.990 
-0 509 



B = C4H10O (94.1) 
Ethyl ether 


B = C*HnO (94.1) 
Isoamyl alcohol 
t = 25° 

0.3440 - 0.057 

0.6977 -0.067 

0.8302 -0.058 


0.2110 


0.5322 

0.5548 


0.8135 


.662 

.518 

.327 

.129 


B « C,Hi,0 (94.1) 
Isoamyl alcohol 

^-4 I Q 

t - 25° 

0.4247 -0.002 

0.6166 -0.008 
0.8204 -0 006 

B - CiHrN (104) 

Aniline 

0.35 0.791 

0.80 0.481 

C4H5CI3O2 

Ethyl trichloro- 
acetate 
B = C*H,0, 
Ethyl acetate 

(101, 104) 


*A, t 

0.25 I 16.7® 


0.25 

0.50 

0.50 

0.7^ 

0.75 


34.1® 

15.9® 

34.2® 

16.5® 

33.5® 


Q 

-0.144 

- 0.100 

-0.176 

-0.130 

-0.156 

-0.089 


04^^803 

Ethyl acetate 
= C*HioO (94.1) 
Ethyl ether 

Xa I <? 


Xa 

t 

0 . 0875 
0 . 2269 
0 . 4372 
0.4560 
0.4803 
0.5815 
0.7256 
0.8419 


26° 

-0.091 

- 0.200 

-0.265 

-0.266 

-0.266 

-0.251 

- 0.200 

-0.139 


B = C4H10O (94.1) 
Isobutyl alcohol 
t - 26° 

0.0979 I -0.666 


0.2968 
0 . 3678 
0.5444 
0.5846 
0.7146 


-1.618 

-1.687 

-1.810 

-1.772 

-1.572 

-0.958 


0.8564 I -0.958 


B - C»H„0 (94.1) 
Isoamyl alcohol 
t « 26° 

0.1824 I -1.053 


0.2358 

0.4192 

0.6701 

0.6912 

0.6260 

0.7666 


-1.363? 

-1.748 

-1.739 

-1.718 

-1.684 

-1.366 

-0.776 


B - C4H,oO (94.1) 
Isobutyl alcohol 
t = 26° 

0.3242 -0.006 

0.6943 -0.008 

0.7167 -0.009 


0.8931 I -0.77C 


B - C»H4 (•^•*) 

I - 26° 

0.0943 -0.033 

0.2479 -0.062 

0.3694 -0.091 

0.6066 -0.098 









0.8760 


B = C«H„Os ( 101 , 

104) 

Amyl fonnate 
0.50 1 0,036 


B = CjHuO, (101, 

104) 

Amyl acetate 
0.49 I 0.216 


B = C,HioO, ( 101 , 

104) 

Ethyl benzoate 
0.50 I -0.227 



C 6 H 10 O 2 
Propyl acetate 
B = CftHijOj ( 101 , 

104) 

Amyl formate 
0.299 -0.003 

0.742 -0.013 


Bromobenzene 
B = CeH^Cl (101. 

104) 

Chlorobenzene 
0.212 0.0121 
0.674 0.0154 


CflHfiCl 

Chlorobenzene 

B - C,H,o (5) 

p-Xylene 
0.198 I 0.080 


B - CMiiO (04.1) 
Isoamyl alcohol 
( * 25® 


0.1245 
0.3187 
0.4137 
0.6539 
0 . 5706 
0 . 7034 
0.8132 
0.8825 


B { 


5 -0.271 

7 -0.692 

7 -0.699 

9 -0.770 

16 -0.776 

•4 -0.739 

12 -0.603 

!5 -0.465 


C*H7N(»4) 

Aniline 
t * 20 ® 


0 .:330 
0.425 
6.790 
0.939 


0.106 

0.116 

0.076 

0.028 


B = C,Hu (5) 
n-Hexane 
0.579 -0.912 

0.687 -0.841 

0.844 -0.5177 

0.940- -0.2172 


B = CjHs (5) 
Toluene 

0.324 -0.0619 

0.490 -0.0753 

0.500 -0.0791* 

0.600 -0.0703 

0.750 - 0.0561 

0.857 -0.0360 

• (lOl, 104). 


B = CtHsO (101, 

102 , 104) 

m^Cresol 
0.54 I 0.866 


B = CsHio (101, 

104) 

rrt-Xylene 
0.5 I 0.239 


B = C.oHm (0^.1) 
Pinene 
t = 25® 


0.1031 
0.1933 
0.3060 
0.3833 
0.4947 
0.6961 
0.6802 
0 . 7927 
0,8679 
0 . 9294 


B - C. 


0.129 

0.206 

0.338 

0.406 

0.498 

0.542 

0.638 

0.461 

0.354 


CJIsNOj 

Nitrobenzene 

B-CeHTN (101.104) 

Aniline 

*A, t Q 

0.26 87.6® 0,306 

0,25 51.6® 0.322 

0.26 16.5® 0.519 

0.50 86.39® 0.343 

0.50 62.16® 0.452 

0.50 14® 0.652 

0.76 86.3® 0.318 

0.75 16® 0.398 


0.2128 
0 . 4758 
0 . 5399 
0.6251 
0.7634 
0.8686 
0 . 9382 


-0.424 

-0.739 

-0.730 

-0.725 

-0.624 

-0.470 

-0.234 


0.652 

0.318 

0.398 


)294 I 0.225 


- CeHi,0,(»4.1) 

Paraldehyde 
t - 25® 


0.2360 

0.4174 

0.5545 

0.5958 

0.6546 

0.7694 

0.9077 


- 0.210 

-0.299 

-0.314 

-0.315 

-0.300 

- 0.244 

- 0.132 


B«C7H,N(ioi,io4) 

o-Toluidine 

0 60 17.6® 0.243 
0.60 14.2® 0.239 


B - C,H,iN ( 101 , 

104) 

IMmethylaniline 

I Q 

t - 15® 

0 46 I -0.031 


B - C,H„N ( 101 , 

104) 

Ethylaniline '* 
0.51 I 0.112 


B - CioH,*N (101 , 

104) 

Diethylaniline 
0.60 I -0.062 


cjai, 

Cyclohexane 
B = CftHu (5) 
n>Hexane 

0.75 I -0.2000 


B - C 7 H, (S) 
Toluene 

0.053 -0.1247 

0.166 -0.3465 


0.324 

0.671 

0.743 

0.832 

0.046 


B » 


-0.561 

- 0.686 

-0.6114 

-0.3926 

-0.1448 


(*) 


j>-Xylene 

0.077 1-0.1461 


0.185 

0.329 

0.460 

0.5114 

0.6763 

0.667 


-0.3139 

-0.4604 

-0.6265 

-0.5432 

-0.6457 

-0.6189 


C 7 H 8 
Toluene 
B = CtHsO 
TW^Cresol (1®1, 1 ®^) 
0.47 I 0.686 


B - C^Hio (*) 
p-Xylene 


Q 

-1.690 
-1.193 
-2.469 
-2.072 
-1.988 
-2.406 
-1.871 
6 


0 , 

.232 

-0.00565 

0 , 

.350 

-0.0084 

0 , 

,480 

-0.0092 


C 7 : 

0 

00 

tZ2 

m-Cresol 

(101, 104) 


B - 

CtH.N 


B = CsHiiN 
Dimethylaniline 

0.50 16.3® -0.144 

0.50 15,3® -0.128 


o-Toluidine 


CftHio 

o-Xylene lo^) 

B = CgMio 
m-Xylene 


(CorUinited) 

XA Q 

0.269 0.0092 

0.729 0.0067 


B = CgSio 
p-Xylene 
0.319 0.011 

0.815 0.004 


CsHio 

m-Xylene (i®*, *®<) 
B — Cs^io 
7 >-Xylene 
0.292 -0.0109 

0.754, -0.0013 

B = CsH„N 
Dimethylaniline 


0.287 

0.011 

0.734 

0.013 


Table 4 

The concentration is expressed as weight per cent of the A-com- 
ponent in the mixture. Q is expressed in joules evolved per gram 
of mixture. 


H 2 O 

B CaHeO (118.1) 

Acetone 

% A I Q 
t = 15® 


B — CsHgOi.- 
{Continibed) 


19.04 
29 91 
40.29 

50.00 
55.60 

60.00 

65.00 
66.67 

70.00 

75.00 
81.19 
84.80 

90.00 

95.00 


6.9 

13.5 
22.9 

28.5 
30.4 

31.1 

32.2 


% A 

Q 

86.1 

8.2 

90.2 

6.0 

92.8 

4.6 

96.2 

2.6 


CCI4 

B = CcHb (118*2) 
t = 18® 


CHCl,. 

% A 

40 

60 

60 

70 

80 

90 


iConVd) 

Q 

-6.40 

-6.65 

-6.28 

-5.27 

-3.89 

- 2.22 



10 

20 

30 

40 

50 

60 

70 

80 

90 


-0.301 

-0.598 

-0.816 

-0.963 

-1.030 

-1.030 

-0.912 

-0.699 

-0.452 


B — CiHgOf 
Glycerol 

(63) 


10 

20 

30 

40 

60 

60 

70 

80 

90 

15.3 
25.9 
37.8 

55.2 

64.2 

75.4 


(98) 


7.5 

10.9 

15.5 

17.6 
18.8 
18.8 

16.3 

13.4 
8.0 

12 

16 

18 

18 

17 

13 


B = 

CtHs (118.2) 


Toluene 


t = 17® 

10 

0.067 

20 

0.138 

30 

0.197 ■ 

40 

0.264 

50 

0.318 

60 

0.335 

70 

0.326 

80 

0.276 

90 

0.172 


B = CjH.O (*37) 
Ethyl alcohol 
t 

10 
20 
30 
40 
50 
60 
70 
80 


CSj 

« CHCl, ( 118 . 2 ) 
Chloroform 
t = 13® 

10 -2.55 

20 -4.44 

30 -5.65 


10 

20 

30 

40 

50 

60 

70 

80 

t 

10 

20 

30 

40 

50 

60 

70 

80 


T 

T 

iHi; 


-8.513 
-6.910 
2 to 5 5® 
-3.01 
-5. '.03 

- 7 . 5 :: 

-8.844 

-9.515 

-9.607 

-8.844 

-7.369 

16.5® 

- 3,229 

- 5.896 

- 8.041 

- 9.296 
-10.47 
-10.52 

- 9.524 

- 8.658 
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CSi.—iContinued) 

B = CaH.O (118.2) 
Acetone 


% A 
( 

10 

20 

30 

40 

50 

60 

70 

80 

90 


Q 

16** 

- 6.78 
-11.80 
-16.45 
-19.92 
-20.93 
-20.80 
-17.62 
-16.15 
-10.80 


\ = CeH« (137) 
i = 0** 

10 ■ -2.117 

20 -3.85 

30 -5.235 

40 - 6.305 

50 -6.690 

70 -6.101 

80 -4.860 

90 - 3.001 

t « 4 ** 

10 -2.109 

20 -3.827 

30 -6.220 

40 -6.257 

60 - 6.600 

70 - 6.040 

80 -4.847 

90 -2.997 

i =* 14.6** 

10 -2.090 

20 -3.807 

30 -6.127 

40 -6.109 

60 -6.468 

70 -6.920 

80 -4.782 

90 -2.976 

t * 18® (118.2) 

10 -2.69 

20 -4.86 

30 -6.78 

40 -7.70 

60 -7.96 

60 -7.83 

70 -6.82 

80 -5.16 

90 -2.93 


CHCU 

Chloroform 
* C,H*0 (118.2) 
Acetone 


B - C,HsO.- 
(Coniinued) 


% A 


= 14 


10 

4.77 

20 

9.83 

30 

14.31 

40 

1 19.38 

50 

23.27 

60 

25.53 

70 

25.07 

80 

21.56 

90 

13.56 


C^HioO (118.2) 

Ethyl ether 

' 14® 

7.49 


20 

30 

40 

60 

60 


80 

90 


Ce 

t -- 


10 

20 

30 

40 

60 

60 

70 

80 

90 


9 


13.89 

18.71 

23.48 

26.63 

26.99 

23.77 

18.83 

10.21 


« (ll»-2) 
18** 

1.13 

2.01 

2.64 

3.10 

3.31 

3.31 

3.18 

2.89 

2.05 



CH4O 

Methyl alcohol 
B « CjH,0 
Ethyl alcohol 
t - 0.3** (88) 
32.17 -0.322 

67.83 -0.272 

85.87 -0.146 

t « 16 ** ( 118 . 2 ) 

10 0.209 

20 0.343 

30 0.393 

40 0.398 

60 0.360 

60 0.314 

70 0.268 

80 0.184 

90 0.100 

i » 20.8** (88) 
32.3 -0.029 

49.6 -0.029 


B - CAO 
fi-Propyl alcohol 
t . 0.3* ( 88 ) 

32.84 -2.069 

47.44 - 2.239 

70.84 -1.892 


%A 

1 Q 

t * 14' 

’ (118.2) 

10 

-0.75 

20 

-1.46 

30 

-2.05 

40 

-2.34 

50 

-2.30 

60 

-2.05 

70 

-1.72 

80 

-1.26 

90 

-0.71 


B = — 

(Continued) 


t * 21.3'’ ( 88 ) 
25.56 -1.507 

60.03 - 2.101 

67.46 -1.908 

82.41 ' 


C 2 II 4 O 2 
Acetic acid 
B - CftH* (118.2) 

t - 16** 

10 -2.39 

20 -3.68 

30 -4.81 

40 -6.52 

60 -6.98 

60 -5.69 

70 -5.06 

80 -3.93 

90 -2.39 


C2H«0 

Ethyl alcohol 
B = C,H,0 (88) 

n-Propyl alcohol 
t « 0.27“ 


45.2 

62.17 

t 

32.86 

49.68 


10 

20 

30 

40 

60 

70 

80 

90 

i - 3. 
10 
20 


-0.469 

-0.694 

21 ** 

- 0.686 

-0.523 


0 ** 

-4.046 
-5.253 
-6.066 
-6.410 
- 6.120 
-5.697 
-4.414 
-2.650 
to 6.9“ 
-4.320 
-6.769 


% A 
30 
40 
60 
70 
80 
90 

t 

10 

20 

30 

40 

60 

70 

80 


Q 

-6.660 

-6.767 

-6.411 

-5.812 

-4.469 

-2.572 

15** 

-5.416 

-6.706 

-7.338 

-7.556 

-6.867 

-6.067 

-4.678 



17.10 

19.10 
21.90 

23.70 
26.00 
27.55 
29.35 
31.16 
33.80 
37.60 

42.70 
44.05 

50.00 
63.45 

62.00 


38.00 

40.62 
44.28 
45.70 
47.08 
47.79 
48.55 
48.67 
48.42 

47.63 
45.57 
46.11 
41.93 
39.24 
33.30 


Methyl acetate 
* CAOi (118.2) 
Ethyl acetate 
t * 16** 

10 -0.326 

20 -0.694 

30 -0.767 

40 -0.850 

60 -0.866 

60 -0.787 

70 -0.678 

80 -0.611 

90 -0.293 


I - C.H, (118.2) 
t - 17** 

10 -2.39 

20 -4.62 

30 -6.86 

40 -6.36 

50 -6.32 

60 -6.69 

70 -4.81 

80 -3.64 

90 -2.13 


C,HsO 

n-Propyl alcohol 
B =• C*Ha (118*3) 

t = 16** 


B - CeH.ClO.- 
(ConHnued) 


% A 
10 
20 
30 
40 
50 
60 
70 
80 
90 


Q 

-10.30 

-12.64 

-13.66 

-13.22 

-12.26 

-11.09 

- 8.29 

- 5.52 

- 2.76 


CaHflO 

Acetone 

B => CaHaClO (50) 
o-Chlorophenol 
t = 0** 

13.90 I 32.58 


C4S[g03 

Ethyl acetate 
B = CiHioO (118.2) 
Ethyl ether 
< «= 14“ 


10 

20 

30 

40 

50 

60 

70 

80 

90 


-1.09 

-1.76 

-2.34 

-2.76 

-2.97 

-2.76 

-2.43 

- 1.88 

-1.13 


B = CeH 

[a (118-2) 

i =* 

17“ 

10 

-0.879 

20 

-1.310 

30 

-1.465 

40 

-1.528 

60 

-1.515 

60 

-1,444 

70 

-1.327 

80 

-1.109 

90 

-0.682 


B =■ CrHiaOs 
Amyl acetate ( 118 . 2 ) 

t « 15“ 


10 

20 

30 

40 

50 

60 

70 

80 

90 


-0.67 

- 1.00 

-1.55 

-1.84 

- 1.88 

-1.76 

-1.46 

-1.13 

-0.67 


C 4 S 10 O 
Ethyl ether 
B « C.H* (118.2) 

t * 15“ 

10-90 1 0.00 



CftHgN 

Pyridine 

B - CaHiClO (80) 
o>Chlorophenol 
i - 0 “ 

16.0 63.19 

22.0 73.61 


% A 

26.1 

30.0 

34.0 

38.1 

41.1 
46.9 

66.1 

61.0 

B => ( 


^ Q 

78.01 

86.0s 

89118 

91.16 

90.19 

84.70 

72.74 

63.44 

CrHaO (50) 


o-Cresol 
t = 0 “ 


17.6 

25.06 

30.7 
36.4 

39.9 
40.2 

44.85 

48.7 

49.9 

60.85 
67,26 
67.65 
63.0 


52.94 

68.63 
76.26 

80.64 
81.11 
81.31 
79.39 

76.79 

74.79 
73.63 
64.74 
64.66 
53.15 


B - C 7 H.O (50) 
m-Cresol 
i « 0 “ 

9.85 I 26.03 


19.5 

27.6 

33.1 

36.8 

42.2 
49.05 

54.25 
61.00 

68.26 

82.9 


46.87 

67.54 
61.60 
63.70 
63.24 
68.97 
54.66 
47.64 

38.54 
21.42 


CgHisO 

Amyl alcohol 

B - C*H,o (»») 

p-Xylene 
t - 0 “ 


20.6 

39.2 

46.5 

53.1 

64.8 

72.7 


4.48 

6.67 

6.78 

6.40 

5.23 

3.81 


CgHgClO 

o-Chlorophenol 

B - CiHuN (5®) 

Dimethylaniline 
t - 0 “ 

40.6 20.61 

46.7 22.23 

49.0 23.30 

51.2 23.87 

54.2 24.81 

67.4 25.80 

60.5 26.40 

62.6 26.38 


15.0 

22.0 
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B » CsHiiN.— 

B - C.H7N.— 

B = CtHs.— 

{Continued) 

{Continued) 

{Continued) 

% A 

Q 

% A 

Q 

% A 

Q 

64.86 

26.88 

61.7 

76.79 

60 

-0.933 

67.26 

25.08 

62.6 

76.63 

60 

-0.921 

60.86 

23.87 

63.6 

76.33 

70 

-0.778 

73.65 

22.24 

64.7 

75.79 

80 

-0.519 

80.0 

18.84 

67.5 

72.74 

90 

-0.264 



61.4 

66.75 

65.83 

57 

C6H7N 

Aniline 

B = CsH.o (55) 
p-Xylene 

B = C,H7N (SO) 
Quinoline 
t » 0® 

CeH« 



B = CjHs (118-2) 

t = 

= 0® 

38.8 

64.74 

Toluene 

27.6 

9.96 

43.9 

71.98 

t = 

: 16® 

31.7 

10.80 

46.76 

74.74 



49.1 

11.22 

47.9 




58 

10.42 


76.46 



66 

9.54 

51.2 

76.79 



78.6 

6 65 


Table 5 


The concentration is expressed by the number of molesof solvent, 
M*, abided to one mole of solute. The B-component where italicized 
is the solute, and is otherwise the solvent. Q is expressed in 
kilojoules evolved per mole solute. 


H2O 

B = CHtOi («4) 
Formic acid 


M, 

Q 

0.135 

0.348 

0.28 

0.744 

0.46 

1.061 

0.86 

1.430 

1.10 

1.460 

1.70 

1.445 

6.96 

1.299 

48.56 

1.267 


B = CJiBuO^ 
Tribromoacetic acid 
(solid) 


t « 16.2® 

(115) 

206 


1.05 

417 


1.99 

799 


2.62 

eo 


3.62 


B « CtHCW^ 
Trichloroacetic 


acid (solid) 
t - 16.31® (n«) 


246 

10.48 

498 

11.32 

936 

11.29 


B * CtHtBriOi 
I? (fromoacetie 
acid (solid) 


t - 16.3® (ti») 

364 

-1.18 

479 

-3.76 

712 

-3.42 


B = CiHtChOi 

DichloToacetic 

acid 


M. 1 

Q 

t = 15.9® (»15) 

196 

9.63 

398 

10.80 

776 

11.59 


B == CtHnBrOt 
Bromoacelic acid 
(solid) 

i = 16.45® (>»5) 


199 

-13.84 

to 

365 

-13.45 

712 

-13.15 


B *= Ci^40, 
Acetic acid 
(64) 


0.25 

-0.293 

0.58 

-0.627 

1.11 

-0.624 

1.42 

-0.624 

1.95 

-0.544 

6.00 

-0.310 

6.19 

+0.066 

30.00 

0.386 

63.33 

0.449 

t - 18.5® (118) 

139 

1.12 

197 

1.53* 

207 

1.15 

411 

1.37 

00 

• 13.0* 

1.90 


B = (6-*) 

Propionic acid 
M. I Q 

t = 8® 


0.216 

-1.40 

0.456 

-2.00 

0 720 

1 -2.29 

1.027 

-2.46 

1.718 

-2.62 

2.740 

-2.62 

4.110 

-2.35 

9.590 

-1.79 

14.570 

-1.48 

38.270 

-1.26 

78.110 

-1.25 


B = CMfDr («^) 
n-B%Uyric acid 
t * 9® 


0.25 

-1.00 

0.64 

-1.49 

0.86 

-1.77 

1.22 

-1.93 

1.63 

-2.04 

2.09 

-2.08 

3.05 

-2.08 

3.67 

-1.99 

7.33 

-1.68 

19.55 

-1.24 

44.00 

-0.91 

93.00 

-0.73 


Cs£[4]Br2 
Ethylene bromide 
B « (♦) 

Acetic acid 


0.30 

0.628 

1.06 


0.66 

0.846 

1.318 



B *= 0,^40,.— 
{Continued) 


M. 

Q 

1.47 

1.544 

2.04 

1.803 

2.944 

2.108 

3.67 

2.281 

4.98 

2.486 

B - C,H40, (4) 

Acetic acid 

0.201 

0.498 

0.34 

0.716 

0.273 

0.621 

0.49 

0.883 

0.68 

1.050 

0.943 

1.243 

1.887 

1.594 

3.333 

1.820 


C2H4O2 
Acetic acid 
B = (4) 

0.2143 -0.370 

0.2500 - 0.414 


B * CtHt.— {Coni' d) 


M. 

Q 

0.304 

-0.481 

0.333 

-0.614 

0.385 

-0.662 

0.516 

-0.661 

0.77 

1 

-0.820 

0.775 

-0.824 

1.25 

-1.004 

2.137 

-1.251 

6.17 

-1.515 

7.75 i 

-1.569 

15.62 

-1.689 

B = CeHe (4) 

0.0644 

-0.109 

0.129 

-0.203 

0.1934 

-0.293 

0.468 

-0.586 

0.80 

-0.804 

1.29 

-1.063 

1.30 

-1.063 

1.942 

-1.282 

2.60 

-1.434 


B “ CeH«. — 

{Continued) 


M. 

Q 

3.00 

-1.642 

3.29 

-1.678 

4.00 

-1.663 

4.666 

-1.724 


Ethyl alcohol 
B = CeH. (131) 


0 . 2676 

-0.289 

1.642 

-1.648 

2.19 

-2.093 

2.633 

-2.427 

3.284 

-2.930 

3.940 

-3.390 

4.586 

-3.850 

6.569 

-4.637 

7.88 

-6.608 

8.53 

-5.859 

9.195 

-6.236 

10.5 

-6.738 


Table 6 


The concentration is expressed as the mole per cent of the A- 
component in the mixture. Q is expressed in kilojoules evolved 
per mole B. 


H 

20 

B - CH4O.— 

B = c,: 

H.O (49) 

B - CH4O (49) 

j {Continued) 

Ethyl 

alcohol 

Methyl 

alcohol 

M % A 

1 

0 

M % A 

1 Q 

M % A 1 

Q 


1.632 

i = 0® 

t =* 


56 

1.896 

6 

0.088 

5 



2.218 

10 

0.176 

10 


66 

1 

2.591 

15 

0.289 

15 



3.055 

20 

0.410 


0.607 

75 

3.666 

26 

0.498 

25 

0.762 

80 

4.357 

30 

0.690 

30 

0.925 

85 

6.114 

35 

0.691 

35 

1.105 

90 

6.989 

40 

0.824 

40 

1.297 

95 

6.838 

46 

1.004 

45 

1.611 


1 

50 

1.261 

50 

1.766 

i « 42.37® 

56 

1.523 

55 

2.038 

5 

0.071 

60 

1.900 

60 ' 

1 

2.381 


0.161 

66 

2.386 

65 

2.783 

15 

0.251 

70 

3.038 

70 

3.306 

20 

0.366 

76 

3.972 

75 i 

3.967 

25 

0.473 

80 

5.428 


4.763 

30 

0.694 

86 

7.407 

85 

5.750 

35 

0.724 

90 

9.866 


6.905 

40 

0.866 

95 

12.54 

96 

8.328 

45 

1.013 

i =« 1 

17.33° 

t * 19.69® 

50 

1.193 

5 

0.042 

5 

0.134 

55 

1.402 

10 

0.092 

10 

0.272 

60 

1.632 

16 

0.167 

16 

0.419 

66 

1.908 


0.261 

20 

0.569 


2.264 

25 

0.336 

26 

0.716 

75 

2.691 

30 

0.423 

30 

0.862 

80 

1 3.185 

36 

0.519 

36 

1.017 

85 

1 3.725 

40 

0.636 

40 

1.197 

90 

4.362 

46 

0.757 

46 

1.398 

96 

4.997 

60 

0.946 
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INTERNATIONAL CRITICAL TABLES 


H,0.— 

(ConVd) 1 

B=C,H80 (49) 

B = — 

B = C,H,0.— 

n-Propyl alcohol 

(Continued) 

(Continued) 

M % A 1 

Q 

M % A 

Q 

M % A 

Q 

t = 


65 

-0.084 

56 

1.201 

6 

-0.011 

60 

+0.038 

60 

1.607 

10 

-0.021 

65 

0.201 

65 

1.925 

15 

-0.027 

70 

0.431 

70 

2.478 

20 

-0.019 

75 

0.778 

75 

3.218 

25 

-0.008 

80 

1.335 

80 

4.269 

30 

+0.010 

85 

2.264 

85 

5.821 

35 

0.042 

90 

4.110 

90 

7.801 

40 

0.092 

95 

7.981 

95 

9.818 

46 

0.167 





50 

0.264 



t = 42.05® 

55 

0.419 

t = 43.44® 

6 

0.0029 

60 

0.590 

6 1 

-0.106 

10 

0.0063 

65 

0.883 

10 i 

-0.205 

15 

0.013 

70 

1.264 

15 

-0.306 

20 

0.023 

75 

1.354 

20 

-0.402 

25 

0.042 

80 

2.758 

25 

-0.498 

30 

0.075 

85 

4.323 

30 

-0.590 

35 

0.109 

90 

7.382 

35 

-0.670 

40 

0.167 

95 

12.68 

40 

-0.737 

45 

0.243 ' 

t « 21.03® 

45 

-0.778 

50 

0.343 , 

6 

-0.042 

50 • 

-0.796 

65 

0.466 

10 

-0.084 

65 

-0.795 

60 

0.649 

15 

-0.121 

60 

-0.770 

65 

0.870 

20 

-0.159 

65 

-0.728 

70 

1.209 

25 

-0.197 

70 

-0.644 

76 

1.691 

30 

-0.230 

75 

-0.602 

80 

2.366 

35 

-0.243 

80 

-0.259 

85 

3.281 

40 

-0.243 

86 

+0.176 

90 

4.528 

45 

-0.209 

90 

0.586 

95 

6.236 

50 

-0.167 

95 

3.055 
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HEAT OE DILUTION 

Frank R. Pratt 


INTRODUCTION 


If to a solution having an initial concentration Ci and at the 
temperature ly ®C water at t® U added in sufficient amoxmt to change 
the concentration to Ci, it is necessary to abstract from the system 
H joules of heat in order to keep its temperature constant, the 
amount of solution being that shown by the quantities in which Ci 
is expressed. For example, in the table for KCl below; if to a 
solution composed of 1 gram-mole of KCl and 26 gram-moles of 
H/), C, ( -4(X)) at 18®C, 26 gram-moles of HjO at 18®C be added, 
the final concentration will be Ct (-200) and 794 joules of heat 
must be supplied (because of the negative sign) to the resulting 
mixture in order to maintain it at 18®C. It is the quantity H 
which (unless otherwise indicated) is recorded below. The values 


given have been interpolated from the original drawings of the 
graphs of Pratt, I 4 S, 186 : 663; 18. 



r — — ‘ 

0 

300 

447 

1 1 

531 

1 1 

602 

702 

6 

301 

443 

523 

504 

604 

10 

203 

435 

514 

585 

686 

15 

2S8 

422 

506 

577 

677 

20 

280 

414 

403 

560 

665 

25 

272 

406 

485 

560 

656 

30 

263 

307 

477 

552 

648 

33.5 

255 

380 

468 

544 

635 


744 

732 

710 

711 
694 
681 
677 
656 


782 

765 

753 

736 

719 

702 

600 

678 


w./yrOer 
p. 162 
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[EAT OF DILUTION 


161 


<,*C 


Ettorcinol, Ci ^ 400 *■ IM 


300 I 240 I 200 I 160 


CaHiOi and 25M HtO 

"Ft 

80 


100 


60 


40 I 20 


• 

0 

- 21 

- 60 

- 84 

-125 

-217 

-251 

-293 

-343 

-376 

6 

- 38 

- 79 

-113 

-167 

-272 

-301 

-360 

-418 

-468 

10 

- 54 

-100 

-142 

-201 

-309 

-360 

-418 

-485 

-560 

16 

- 67 

-125 

-171 

-234 

-364 

-418 

-481 

-560 

-635 

20 

- 84 

-151 

-205 

-272 

-410 

-460 

-544 

-627 

-744 

25 

-100 

-176 

-230 

-314 

-460 

-527 

-615 

-744 


30 

-117 

-201 

-268 

-343 

-502 

-585 

-669 

-773 


33.5 

-134 

-226 

-293 

-376 

-544 

-619 

-719 

-836 


pytoMtecholf Cl ^ 400 * IM CiHeOt and 25M HjO 

0 

326 

544 

711 

899 

1187 

1275 

1359 

1432 

1 

6 

293 

489 

635 

811 

1070 

1162 

1233 

1296 

1 

10 

259 

439 

673 

727 

970 

1045 

1108 

1171 


16 

226 

376 

502 

635 

840 

920 

983 

1045 


20 

188 

326 

426 

543 

732 

794 

857 

920 


25 

151 

272 

351 

452 

619 

673 

736 

794 


30 

121 

217 

280 

363.7 

606 

552 

606 

669 


33.5 

100 

167 

226 

301.0 

418 

460 

602. 

552 



[ ^HydroQiiiiiott Ci ^ 400 ■“ IM CeHiOt and 400M HiO 


10.0 

13.8 

14.2 

12.5 

- 3.3 

-13.4 




5 

6.3 

8.4 

8.4 

6.3 

- 7.9 

-15.1 





3.8 

4.2 

3.3 

HE 

-11.7 

-18.0 




16 

1.3 

0 

- 1.7 

— 6t4 

-15.1 

-19.2 





- 2.1 

- 5.0 

- 7.5 

-11.3 

-20.1 

-23.0 




25 

- 6.B 

I -10.0 

bee 

-16.7 

-23.0 

-25.5 




30 

- 8.8 

i -14.2 

! -17.1 

-20.5 

-25.5 

-27.2 




33.6 

-12.1 

, -18.4 

-21.7 

-24.2 

-26.7 

-27 2 





1.17 NH«C1, Cl O 400 - 1.17M NH«C1 and 26M HtO 


Mannitol, Ci ^ 400 IM CtHnO* and SOM HsO 


0 

4.2 

3.8 

2.1 

- 3.3 

-14.6 

5 

6.7 

8.4 

6.7 

6.0 

- 0.8 

10 

7.1 

10.6 

11.3 

11.3 

11.3 

16 

7.6 

12.6 

16.1 

19.2 

25.1 

20 

9.2 

16.3 

1 

21.7 

28.4 

39 .7 

25 

9.2 

16.7 

23.8 

33.0 

60.2 

30 

13.0 

1 

21.7 

30. 1 

41.8 

64.8 

33.6 

13.4 

23.8 

33.4 

46.8 

76.9 


DaJttroM, Cl O 400 •• IM C«Hi}0«.Hs0 and 2SM H>0 


0 

167 

268 

343 




1 


6 

167 

268 

343 



1 



10 

167 

268 

343 






16 

167 

268 

343 





1 


167 

268 

343 

431 

660 

606 

652 

690 

26 

167 

268 

343 

■SI 

544 

585 

623 

656 

30 

167 

268 

343 


627 

560 

504 

623 

33 5 

167 

268 

343 

■Bl 

510 , 

543 

564 

504 


Sncroce, Ci O 400 - IM CnHtiOn and 25M UjO 


0 

247 

393 

481 

664 

673^ 

707 

736 

769 

1 

6 

247 

303 

485 

673 

694^ 

732 

773 

815 

1 

10 

247 

307 

493 

685 

719 

761 

807 

857 


16 

247 

307 

497 

694 

744 

v794 

849 

016 


20 

247 

401 

602 

606 

769 

824 

891 

962 


26 

247 

4V1 

610 

610 ; 

790 

853 

024 

1008 



247 


618 

631 

819 

886 

962 

1054 


33.6 

247 

410 

622 

644 

836 

907 

091 

1005 



1 847 NaOB, 

Cl O 800 • 2 

tM NaC 

iH and 

25M HtO 


l,*C 

Ct 

\ 720 

1 300 

1 200 

1 140 

1 80 

60 

1 40 

1 20 


6 

10 

16 

20 

25 

30 

33.6 



-1634 

-2279 

-2885 

-3617 

-3847 

1 


-1200 

-1831 

-2300 

-2835 

-2989 

-3169 

-21 

- 911 

-1401 

-1756 

-2132 

-2237 

-2354 

4 

- 619 


-1254 

-1480 

-1659 

-1647 

8 

- 334 


- 778 

- 928 

- 978 

-1020 

12 

- 63 

- 242 

- 355 

- 447 

- 477 

- 480 

17 

171 

84 

21 

- 42 

- 50 

- 63 

21 

343 

326 

284 

251 

247 

247 


3345 

2467 

1714 

1066 

493 

67 

247 


1.646 KOH, Cl O 800 - 2M KOH 


and 25M HtO 
Cl 



0 
6 
10 
16 
20 
26 
30 
33.6 


0 

-366 

-719 

-1003 

-1317 

-1422 

-1647 

13 

- 96 

-385 

- 644 

- 763 

- 828 

- 899 

26 

138 

4 

- 100 

- 209 

- 261 

- 293 

38 

366 

326 

284 

251 

261 

263 

60 

660 


662 

690 

719 

773 

63 

744 

870 

063 

1066 

1129 

1204 

71 ! 

1 

003 

1087 

1213 

1392 

1484 

1689 

79 

983 

1204 

1346 

1555 

1661 

1766 


t, ®C 


0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

33.6 


22 

-63 

-88 

-96 

-96 

-96 

-96 

-96 

-84 

-21 

24 

-46 

-59 

-67 

-67 

-42 

-25 

8 

71 

159 

26 

-33 

-42 

-33 

-29 

4 

33 

84 

155 

251 

28 

-17 

-13 

0 

13 

59 

84 

142 

234 

334 

30 

- 4 

8 

25 

42 

100 

125 

192 

272 

385 

32 

8 

33 

60 

71 

134 

167 

209 

293 

418 

33.5 

21 

46 

67 ' 

92 

155 

192 

230 

305 

439 


0 

2 

4 

6 

8 

10 

12 

14 
16 

15 
20 


Ct 


300 


240 200 I 160 


100 


60 


60 


40 


20 


-255 
-238 
-230 
-201 
-184 
-167 
-151 
-138 
-125 
-109 
- 92 


-431 

-307 

-364 

-334 

-305 

-276 

-247 

-230 

-201 

-167 

-134 


-556 

-614 

-472 

-431 

-389 

-351 

-309 

-272 

-238 

-201 

-163 


-698 

-640 

-685 

-635 

-468 

-418 

-368 

-318 

-272 

-226 

-176 


-920 

-836 

-767 

-669 

-694 

-618 

-452 

-385 

-314 

-247 

-176 


-983 

-809 

-811 

-711 

-619 

-544 

-468 

-393 

-314 

-238 

-167 


1037 

037 

840 

744 

644 

652 

460 

385 

309 

222 

151 


1087 

978 

861 

753 

644 

652 

477 

339 

255 

167 

84 


-334 
-226 
-142 
- 42 
+ 84 


NH 4 CI, Cl 400 * IM NH 4 CI and 25M HtO 


KCl, Cl O 400 =• IM KCl and 25M HtO 


-594 

-974 

-1246 

-1547 

-2095 

-2308 

-2530 

-2718 

-564 

-924 

-1179 

-1484 

-2007 

-2195 

1 

-2404 

-2575 

-543 

-907 

-1129 

-1409 

-1902 

1 

-2091 

-2279 

-2438 

-518 

-845 

-1087 

-1346 

-1819 

-1999 

-2174 

-2329 

-481! 

-807 

-1037 

-1288 

-1735 

-1902, 

-2070 

-2195 

-460 

-761 

- 983 

-1217 

-1631 

-1781 

-1944 

-2086 

-439 

-727 

- 937 

-1162 

-1547 

-1697 

-1835 

-1957 

-418 

-7021 

- 891 

- 1100 

-1463 

-1589 

-1735 

-1840 

-397 

-661 

- 845 

-1037 

-1388 

-1505 

-1639 

-1748 

-376 

-619 

- 794 

- 983 

-1325 

- 1421 

-1547 

-1631 

-355 

-585 

- 753 

- 928 

-1233 

-1338 

-1455 

-1534 

-326 

-552 

- 707 

- 878 

-1162 

-1258 

-1363 

-1432 

-313 

-518 

- 665 

- 828 

-1091 

-1179 

-1267 

- 1325 

-293 

-489 

- 627 

- 773 

-1020 

-1104 

-1183 

-1237 

-280 

-460 

- 585 

- 723 

- 953 

-1033 

-1104 

-1145 

-272 

-439 

- 656 

- 681 

- 891 

- 962 

-1003 

-1041 

-251 

-410 

- 623 

- 635 

- 816 

- 907 

- 932 

- 962 

-238 

-389 

- 4931 

- 694 

- 773 

- 828 

- 874 

- 899 


2843 

2663 

2609 

2366 

2245 

2111 

1982 

1848 

1748 

1631 

1505 

1421 

1296 

1101 

1087 

074 

853 

786 


MSrClt, Cl O 400 - IM SrClt and SOM HtO 


14 

-33 

-54 

-69 

-46 

-25 

8 

54 

1 

159 

401 

16 

-17 

-33 

-13 

13 

54 

88 

146 

1 

251 

493 

18 

0 

33 

33 

63 

134 

171 


334 

685 

20 

21 

50 1 

84 

121 

209 

251 

309 

427 

669 

22 

42 

92 

134 

184 

276 

330 

389 


753 

• 

24 

69 

117 

163 

217 

334 

369 

460 

585 

828 

26 

75 

142 

197 

268 

414 

460 

535 

669 

911 

28 

92 

171 

230 

314 

456 

514 

594 

744 

978 

30 

117 

201 1 

272 

351 

506 

577 

661 

799 

1024 

32 

134 

226 

301 

397 

560 

631 

727 

857 

1095 

33.5 

146 

251 

330 

426 

602 

677 

773 

920 

1158 


>^SrClt. Cl O 400 - IM SrCl«.6HiO and 50M HtO 


0 

2 

4 

6 

8 

10 

12 

-70 

-69 

-52 

-46 

-40 

-33 

-25 

-117 

-100 

- 84 

- 71 

- 59 

- 42 

- 25 

-146 

-125 

-105 

- 75 

- 54 

- 38 

- 25 

-184 

-151 

-113 

- 84 

- 64 

- 38 

- 17 

-234 
-171 
-a25 
- 88 

- 54 

- 29 
+ 4 

4 

1 

1 

1 

1 

1 



HBaClt, Cl 

O 400 - IM BaQt and 25M HiO 



14 

-I25j 

1 


-226 

-251 

mm 

-276 

-261! 

-180 

42 

16 

-105 

1 

^^3 

-167 

-188 

BES 

-188 

-146 

- 63 

167 

18 

- 84 


-117 

-125 

-117 

-106 

- 8 

- 42' 

50 

251 

20 

- 63 


- 75 

- 76 

1 

- 63 

- 17 

4 

69 

163 

376 

22 

- 42 


- 42 

- 38: 

0 

63 

92 

169 

255 

447 

24 

- 21 


4 

38; 

59 

134 

107 

247 

343 

673 

26 

0 


33 

63 

109 

201 

261 

314 

426 

635 

28 

21 


63 

109i 

1 

167 

280 

326 

4ai 

510 

732 

30 

42 


105 

151 

226 

347 

397 

489 

662 

794 

32 

63 


134 

201 

272 

418 

468 

564 

694 

857 

33.6 

84 


163 

226 

309 

460 

623 

616 

619 

920 


HBaCIi, 

, Cl O 400 - 

IM Baai.2HtO and SOM HiO 


0 

-226 


-364 

-468 

-577 

-753 

-824 

-903 

-1003 


2 

-209 


-330 

-418 

-614 

-656 

-702 

-753 

-811 


4 

-184 

1 

-293 

-372 

-462 

-564 

-598 

-619 

- 652 


6 

-155 


-269 

-322 

-385 

-472 

-489 

-502 

- 502 








































162 


INTERNATIONAL CRITICAL TABLES 


HBaClt, Cl O 400 - IM Baaf.2HtO and 50M 


h ^ 

300 

) 240 

200 

160 

1 100 

80 1 

60 

40 

20 

8 

-146 


-230 

-280 

BSS 

-385 

-393 


- 376 


10 

-125 


-197 

-230 


-293 

-293 


- 234 


12 

-109 


-163 

-188 


-201 

- 192 

! -169 

- 84 



. NHiNO., Cl 

0 400 

- IM NHtNOi and 25M HsO 


0 

-1108 


-1819 

-2299 

-2843 

-3721 

-4014 

-4327 

-4641 

-6017 

5 ! 

-1024 


-1693 

-2132 

- 2634 

-3420 

-3679 

-3972 

-4223 

-4515 

10 

- 983 


-1589 

- 1986 

-2425 

-3094 

-3345 

-3596 

-3847 

-4139 

15 

- 899 


-1442 

-1827 

-2216 

-2843 

-3040 

-3261 

-3491 

-3763 

20 

- 836 


-1338 

-1672 

-2019 

-2671 

-2759 

-2969 

-3157 

-3387 

25 

- 773 


-1233 

-1568 

-1852 

-2362 

-2530 

-2697 

-2885 

-3010 

30 

- 727 


-1150 

-1442 

-1723 

-2153 

-2320 

-2446 

-2592 

-2697 

33.5 

- 669 


-1066 

-1355 

- 1622 

-2028 

-2174 

-2362 

-2425 

-2488 


RaNOs. Cl O 400 - IM NaNOi and 25M HjO 


0 

-1233 


-2659 

-3261 

-4348 

-4725 

-5184 

-5561 

-5896 

5 

-1087 

-1798 

-2333 

-2885 

-3847 

-4223 

-4599 

-4976 

-6226 

10 

-1003 

-1647 

-2132 

-2634 

-3512 

-3847 

-4181 

-4515 

-4766 

15 

- 911 

-1497 

-1915 

-2375 

-3178 

-3470 

-3763 

-4056 

-4265 

20 

- 836 

-1380 

-1756 

-2174 

-2885 

-3178 

-3408 

-3658 


25 

- 769 

-1254 

-1631 

-2007 

-2592 

-2822 

-3044 

-3219 

-3387 

30 


-1154 

-1497 

-1840 

-2341 

- 254 2 

-2709 

-2885 

-3010 

33.5 

- 661 

-1087 

-1396 

-1714 

-2174 

-2341 

-2475 

-2592 

-2676 


KNOt, Cl O 400 - IM KNOj and 25M HtO 


0 


-2634 

-3408 

-4348 

-6062 

-6815 

-7526 

-8362 


5 


-2509 

-3219 

-4014 

-5561 

-6104 

-6690 

-7359 

-8069 

10 

-1421: 

-2341 

-2969 

-3721 

-5059 

-5519 

-6021 

-6564 

-7108 

15 

-1338 

-2174 

-2843 

-3512 

-4683 

-5101 

-5519 

-6979 

-6439 

20 

-1212 


-2592 

-3219 

-4348 

-4683 

-6101 

-5519 

-5863 

25 

-1150 

-1923 

-2425 

-3094 

-4014 

-4390 

-4725 

-5101 


30 

-1095 


-2383 

-2885 

-3805 

-4139 

-4474 

-4808 

-5101 

83.5 

-1045 

-1756 

-2258 

-2759 

-3721 

-3930 

-4181 

-4515 

-4808 


HBa(N0))i. Cl O 400 - IM Ba(N0i)i and 26M HiO 


0 


-334 


-664 

-761 

-836 

-911 

-1003 


5 


-293 


-468 

-640 

-702 

-761 

- 836 

mm 

10 


-255 


-418 

-656 

-606 

-665 

- 711 

mjm 

15 

-138 

-226 

-293 

-364 

-472 

-514 

-552 



20 

-125 

-201 

-255 

-314 

-401 

-431 

-460 



26 

-113 

-176 

-222 

-268 

-351 

-376 

-389 



30 

- 96 

-169 

-192 

-251 

-318 

-330 

-334 



33 5 

- 84 

-146 

-176 

-234 

-284 






HSr(ROi)«, Cl O 400 * IM Sr(N 0 i)t and 50 MHiO 



1 300 1 

1 240 


160 

1 100 

i 80 

1 60 



0 

-978 

-1568 


-2571 

-3612 


-4181 

-4641 

-6184 

5 

-911 



-2363 

-3177 

1 


-3742 


-4463 

10 

-832 


-1735 

-2132 


-3073 

-3324 

-3617 

-3888 

15 

-763 


-1568 

-1923 

-2630 

-2718 

-2948 

-3167 

-3387 

20 

-686 

-1108 


-1714 

-2216 

-2404 

-2602 

-2739 

-2843 

25 

-602 

- 974 

-1233 

-1626 

-1965 


-2216 

->2341 



-518 

- 845 

1 

-1087 

-1321 

-1706 

-1819 




33.5 1 

-435 

- 732 

- 983 

-1171 

-1526 

-1689 

-1672 

-17361 



of Dilution of Aqueous Solutions of Ethtl and 

Methyl Alcohols 

If m grams of water are added to M grams of solution containing 
N gram-molecular-weights of the alcohol per 1000 g of H|0 the 
heat (Q) evolved per mole of water added is given by 

Q — A — 10“* X Bm, g-calso/Mole 
Q = a — 10“* X bm, joule/Mole 


up to m = 800 g. All weights in vacuo, t = 25®C. Braham, 
Atmospheric Nitrogen Corix>ration, Syracuse, N. Y., 0. Mac- 
Innes and Braham, i, 39: 2110; 17. 


N 

1 

I CsHftOH, M = 9611 g* 

CH.OH, M = 9600 gt 

A 

B 

1 

a 1 

b 

A 

B 

a 

b 

1 

2.00 

0.51 

8.37 

2.13 

1.10 

0.00 

4.22 

0.00 


8.80 

1.38 

36.8 

5.78 

4.44 

0.21 

18.6 

0.88 


21. 8t. 

2.48i 

91.4 

10.38 

10.30 

0.82s 

43.10 

3.45 


40.60 

4 45o 

170.0 1 

1 

18.63 

18.53 

1.8 

77.5 



♦A - 0 . 66 Ar + 0.80N' -f- 0.72A^* - 0.08N*. 

a - 2.34»Ar + 3.35^* + 3.01*Vi - 0.336^‘. 
t A - - 0.20Ar + 1.21W*. 
a - ~ 0.837 AT -f 5.03iV*. 


HEATS OF COMBUSTION OF ORGANIC COMPOUNDS 


Source of the Data 

All of the values given in this section have been taken from the 
critical compilation by Kharasch (^ ) to which the reader is referred 
for bibliography and critical discussion. 

Units 

The values recorded in the tables are expressed in 1922 Inter- 
narional Combustion Calories^ per gram-formularweight (in 
vacuo) of substance in the liquid state (unless otherwise indicated 
by P gas and s * solid) when the combustion takes place at 
constant pressure (1 atm.) and at 18 — 20®C, to form gaseous 
COt and Ns, liquid HsO, and such compounds of other elements 
present as are indicated imder the individual entries. 

Standard Substances for Combustion Calorimetry 

Pfimory Standard . — The Third Conference of the International 
Union oi Pure and Applied Chemistry (Lyons, 1922) adopted the 
bensoic acid standard with the following values: Q =* 6 324 g-calu 
(»26466 abs. j.) per gram in air; *>6319 g-calis ( = 26446 abs. 
j.) per gram in oocuo; qf. (*» *), These values define what may be 
called the *'1922 International Combustion Calorie.’* 

I Cftlorica imto ad of jooko haoo been employed in this eection in deference to 
the wiehee of the Committee on Tbermoehemietry of the Intemntionnl Union of 
Pwe and Applied Chemietry. 


Proposed Secondary Standard . — Salicylic acid, Q “ 6242 g-calu 
( = 22699 abs. j.) per gram in air; — 5 238 g-cali»*( = 21 921 abs. j.) 
per gram in vacuo (^). 

Other Standards . — The best values for cane sugar and 
thalene may be obtained from the following carefully determined 
ratios of Q per gram in air (2). 

Naphthalene , Benzoic acid ,^^00 ?i^Pl^a 2 4364 

Benz^i^aM “ ^ Sugar “ Sugar 

Calculation of Heat of Combustion from Structural Formula 

The heat of combustion of any organic compound in the 
state may be calculated from its structural formula with an 
accuracy, in most cases, of better than 1%. For most purpofl^ 
for which heats of combustion are required this accuracy 1® 
sufficient. Indeed it is equal to or better than the accuracy 0 
most of the experimental values now available. For a 
description of the method of calculation and comparison between 
observed and calculated values, sec 

Heats of Formation 

The heat of formation, /f, of any compound (C^H^Br.CU- 
FJ/N,0*Si) out of its elements in their standard states (r- P- 
169) may be- calculated from its heat of combustion, Qt as 
below, by means of the equation /f ™ (— Q H" 94.38o 4* 34.1 
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0 X c + 0 X d -f 76.fe + OX/ + OXa+OXA + 69.3*) kg- 

cttli*. 

This equation applies where the products of combustion are 
COiCff), HAD(l), Bri(i), CU{g), SF dUute aqueous solution, I*(a), 

N*(^), SO»(ff). If the products of combustion are : 



CtHi 4 Cycloheptan® 1087.* 

CtHu 1, S-Dimethyl^olopentane 1090.7 


HBr(a 9 ), the numerical coefficient of c is 28.54 
HClCa^), the numerical coefficient of d is 39.46. 

HNOso^, the numerical coefficient of is 49.80. 

H^OiO^, the numerical coefficient of * is 207.5. 

To obtain H in V] per g.f.w. multiply by 4.185 the value given 
by the above equation. 

Tables 

The compounds are arranged in groups as follows: 

1. (C, H), Hydrocarbons. 

2. (C, H, O), Alcohols (carbinols). 

3. (C, H, O), Carboxylic acids. 

4. (C, H, O), Acid anhydrides and lactones. 

5. (G, H, O), Carbohydrates (sugars, starch, cellulose, etc.). 

6. (C, H, O), Other C, H, 0-compounds. 

7. Nitrogen compounds. 

8. Halogen compounds. 

9. Sulfur compounds. 


FormuU 


Name 


kg-cmlu 
per mole 


CH« 

CtH> 

C1H4 

C«H4 

c.a4 

CaH* 

CtHt 

CtHa 

C 4 H« 

CnHii 

CiHii 

CiHit 

C 4 H|» 

CkHi* 

CkHit 

CtHit 

CkHit 

O4H11 

CiHit 

CiH* 

CtH* 

CiHi 

CiHe 

C 4 H| 

C.Hi» 

C«Hm 

CaHit 

C4H14 

C 4 Hit 

C«Hii 

C«His 

C4H14 

CtHit 

CtH« 

CtHii 

CtUU 

CrHit 

CrHii 

CtHit 


1. Htdkocabboms 


Meitmae (jg) 210. 8* 

Acetylene (ethioe) (p) 312.0 

Ethylene (p) 33* 

Ethane (p) 308.47 

AUylene (propine) (p) 456.lt 

473.01 

Propylene 490 . 2 

Trimethylene (p) 496.8 

Propane (p) 626 . 3 B 

laobutylene (p) 647 . 2 

leobutane (trimeihylmethane) (p) 683. 4^ 

Amylene . . . , • - • 803 . 4 

Cyolopentane 783.6 

Methylcyelobuiane 784.2 

Trimethylethylene (p) SOS . 6 

(Uquid) 796.0 

laopentane (p) . 843.6 

(Uquid) 838.3 

n-Pentane (p) 838 . 3 

(Uquid) 833.4 

Tetramethylmethane 842. 6(T) 

Benaene (p) 787 . 2 

(Uquid) 783.4 

, Dimethyldlaeetylene (2, 4<4ieKadiine) 847.8 


Dlpropargyl (1, . 
Dihydrobenaene 


Bieydohesane (0, 1.3) 
Diallyl (p) 


Dimethylmethylenecyelopropane. 

Tetrahydrobenaene (eyolohexene) 

CyoU^exane 

Hexylene 

Methyleyelopentane 

Diiaopropyl (p) 

a-Hexane 090.6 

Toluene 935 

Bieyelohepiane 1030 . a 

Cyoloheptene 1049. • 

Heptine-1 1001. a 

Methyleneeyolohexane l06o 

l-MethyV.3Neyolohexene 1043. • 


863. 6** 

882. 9tt 
833. 2tt 
847.811 

912.6 

928. Itt 

903. 4** 
898.0 
893 
939 

962.6 

937.9 

993.9 

090.6 
936 


* Ayenme of 
t Max. d. » 
t Thomaen. 

I Berthelot. 
B Max. d. * 


nine detenninationa, 
i .l %. 




max. d. •• 1.1 %. 


T Max. d. ~ 0.4 %. 
^Berthelot. 
ft Thomaen. 
tt Swietoalawaki. 


CjHi 4 1 Methylcyclohexane 1091. a 

CtHis I 2, 3-Dlmethylpentane 1148. a 

CtHi4 I 2, 3-0iinothyIptentano 1148. a 

CtHu I 2, 4-Dimethylpentane 1148. a 

CiHii I 3, 3-Dimethylpentane 1147. • 

CiH i« I 3-Etbylpeiitane 1 149 . t 

CtHi« I n-Heptano 1149. » 

CiHis I 2-Methylhexane 1148. a 

CtHii I 3-Methylhexane 1148.# 

CtHu I 2, 2, 3-Trimethylbutano 1147.# 

I Phenylacetylene (phenylethine) 1024. a 

C«Ha I Styrene (pbenylethylene) 1046 

CtHte I Ethylbeoaene 1091. t 

C)«Hm 1 o-Xylene 1093 

CtHie I Xylene 1089.# 

CtHu I p- Xylene 1089.1 

CtHu I 1, 4-Dimethylcyclohexa-l, 3-diene 1162. a 

CtHu I 1, 3-Dimethyldibydrobenaene 1148.# 

CtHu I It Metbyl-3-methyleno>l-eyclohexene 1149.# 

CtHu I 1, 3-Dimethyl-3-cyclohexene 1194.# 

CtHu Ethylenecyclohexane 1207.7 

CtHu I 1-EthyH-cyclohexene 1203.7 

CtHit I Lauroleno 1 192 . 7 

CtHu i-Laurolene (1. 1. 2-tjrimethyle7clopent-2-«ne) . . 1193.# 

CtHu I, 1-Dimethylcyclohexane 1242.# 

CtHu It S-Dimethyleyelohexane. . . 1238(T) 

CtHu It 4-DimethyleyclohexaDe. 1229(7) 

CtHti Diiaobutylene 1262.4 

CtHit Metfayleyeloheptane. 1244.8 

CtHit I 1, 2, 4->Tiimethyleyclopentane 1245.4 

CtHu I 2t 6*Dimethyihexane 1303.# 

CtHu 3, 4-DimethyIhexane 1303.7 

CtHu ^Ethylhexane 1302 . a 

CtHu Hexamethylethane (a) . • . 1301.# 

CtHu I 2-Methylhepiane 1306.1 

CtHu I a-Octane 1306 

CtHu I 2t 2, 4-Trimetbylp«ntane 1303.* 

CtHa I a»-Methylatyrene 1202.* 

CtHa d-Methylatyrene (p-tolylethylene) 1202.4 

CtHu I laopropylbenaene 1247.# 

CtHu j Meeitylene 1243.# 

CtHu n-Propylbenaene 1246.4 

CtHit I Paeudoeumene (1, 2, d-trimethylbenaene) 1241 . 7 

CtHu I l-Metbyl-4-ethyleyo)ohez»-lt Sodiene 1310.8 

CtBit I 1-Iaopropyleyelohex-l-ene 1340.8 

CtHu I Ethyloyeloheptane 1406.8 

CtHu j It 3, 3-Trimethyloyolohexane 1396(7) 

CtHu I It 2t 3-Trimethyloydohexane 1396.0 

CtHu I li 3, 4-Trimethyieyelobexane 1383(7) 

CitHt I Naphthalene (•) 1231.# 

CitHu j A^Dihydronaphtbalene 130o 

CttHu I A^DihydronaphUialene (t) 1298.# 

CttHit I l-Phenyl-d-butine 1340. 0 

CuHit I cH^Pimothylatyrene (t) 1367 . a 

CioHit I S’Etbyletyrene 1346 . i 

CitHit I l>Pbenyl-3-but«ne 1356.# 

CitHit I l-Phenyl-2-butene 1361. a 

CitHu I tert-Butylbenaene 1400.4 

CioHit I Hexahydronaphtbalene 1419.# 

CitHu I 4-Ieopropyltoluene (cymene) 1406 

CitHu I 3-ii-Propyltoluene 1406 

CitHu I S-Iaopropyltoluene 1409 

CitHit I It 2» 4, 6-Tetramethylben84ne (durol) (f) 1393.# 

CitHit I Borneocamphene . . . 1470.1 

CitHit Camphene (a) 1468 

CitHit d-“atrene’* 1473.0 

CuHit Cyolene (trioyolene) (a) 1467 . a 

CitHia 1 1* 6-Dim4thyl-3-Tinyl-l-«yelohoxene 1466.7 

CwHia I 1-Iaobutenyl-l-eyolohexene 1461.# 

I CuHit I d-Umonene 1471 . a 

CuHit 1 1-Limonene 1457 . a 

CuHit ' l-Metbyl-4-toopropyloyelohaxa-lt S^iene 1470.7 


II St ohm a nn . |||| Roth and Auwera. 



164 


INTERNATIONAL CRITICAL TABLES 


Formula 


Namo 


kg-calii 
per mole 


Formula 


f 


Name 


1. Hydrocarbohs. — (Continued) 


CtoHu 

CwHii 

CikHif 

CikHu 

CttHii 

CuHit 

CitHii 

CitHu 

CitBia 

CitHif 

CiaHii 

Ci»Hu 

Ci»H» 

CiHio 

CitHn 

Ci«Hn 

CwHti 

CiiHu 

CiiHii 

CiiHii 

CiiHit 

CitHi* 

CiiHii 

CiiHu 

CisHm 


Ci«Hu 

CitHit 

CiiHi* 

CiiHi* 

Ci«His 

CiiHu 

CiiHii 

CiiHu 

Ci«Hh 

CitHit 

CiiHii 

CiiHii 

CiiHii 

CiiHu 

CiiHit 

CuHii 

CuHu 

CiiHii 

CuHu 

CuHm 

CiiHii 

CiiHii 

C«Hii 

C«Hi« 

CmHu 


CHiO 
CiHiO 
CiHiOt 
CiHiO 
CiHiO 
CiHiO 
CiHiO 
CiHiOt 
CiHiOi 
CiHiOi 
CiHwO 
CiHiiO 
CiHtfO 
CiHiiOi 
CiHuOi 
CiHuO 
CiHiiO 


CiHMOi 


CiHigO 

CiBiiO 

CiBisO 


Octohydronaphtbalene 

<i-<*-Pinenc (auatralene) 

l>a-PiDene (tereboDihene) 

^Pinolene 

Sylveatrene 

Terecampheno (inact.) 

a-Terpinene 

ci'i*-Decabydronaphtbalene 

(rana-Decabydronapbtbalene 

l-Etbyl>5-dimetbylcyclobcxeDe 

Fenebane 

Mentbene {A*-terpene) (A^mentbeoe) 

Thujane 

Diamylene 

p-Mentbane ( l-iaopropyl-i-metbylcyclobexane) 

MetbyM<^-propyl-3-cyclobexaQe 

Decane 

Diisoamyl 

l-PbenyI-2-pentene 

PentamcthylbeDfene (•) 

1, 5-Dimethy]>3-isopropeDe>l-cyclobexeDe 

Aceoapbtbene (•) (perietbylenenapbibylene). . . 

Dipbenyl (•) 

^-Dietbylatyrene 

Hexamethylbeotene (•) 

Triieobutylene I(CHi)iCHC(CHtCH(CHi)i) : 

CHCH(CHi).l 

Fluorcne (#) 

DipheDylmetbane (•) 

Anthracene (•) 

Phenantbrene (#) 

Stilbene (•ym.'dipbenyletbylene) 

laoetilbene 

Dibeoiyl (t) 

3, 3-Dimetbyldicy clobexy I (m-hexabydroditolyl) 

»^MetbylpbeDylatyrene (») 

Dipbenyldiacetylene (•) 

Diphenylbutadiene (•) 

eia-eti-Dipbeaylbutadicne (») 

frani-iran«*DipheDylbutadieDe (•) 

Hexadecane (•) 

Chrysene (•) 

Dipbenylbexatriene («) 

Dibensylbutadiene (•) 

1. 3-Dipbenylbexa>l, 5-diene {«) 

Retene t») (metbylisopropylpbenantbrene) 

If 4-Dipbeiiyl-l*«tbyl-d-butene 

Triphenylmetbyl {•) 

Ttipbenylmethane (•) 

DiphenyUtyrene (•) 

Eleoaane (#) 

If 3, S-Tripbenylbentene (•) 

Tetraphenylmetbane (•) 

Dianthracene (i) 


2. Alcobolb 


Methyl alcohol 

Ethyl alcohol 

Olyool 

Proparcyl alcohol (p) 

AUyl. alcohol 

a-Propyl alcohol 

laopropyl alcohol 

^opylene glycol 

laopropylene glycol 

Qlyoerol 

f»-Butyl alcohol 

laobrtyl alcohol (primary) 

Trimethyl earbinol (<a*l.-butyl) 

Diethylene glycol 

Erythrltol (•) 

Cyelobutyl earbinol 

Ethyl Tinyl earbinol 

Dibjrdtoxymethyley do propane . 

Cyelopeatan-l. 2-diol (cm) 

Cyelo^tao-1. 2-diol (frane) . . . 

Amyl alcohol (T> 

Amyl alci^ol (ferm.)* 

Dimethyl eth^ eerbiool 


1461.7 
1471. ft 
1477 

1469. $ 

1464.7 

1466.7 

1470. * 
1502. s 
1498 
1504 ..a 

1502.8 

1523.9 
1506.4 

1582.9 
1514(?) 

1502.9 

1610.9 
1615. ft 

1510. 0 

1554.0 

1615.0 

1491.8 

1493.0 

1664.9 

1711.9 


1858.8 

1584.9 

1655.0 
1695 
1693 

1765.0 

1770.9 

1810.0 
2106 
1929 
1975.0 
2057 
2035 
2030 
2559 
2139 
2288(7) 

2341 

2342 
2307 
2372 
2378 
2384 
2496 
3183 
2937 
3102 
3383 


170.9 
328 

281.9 

428.9 
442.4 
482 

474.8 

431.0 

436.1 

397.0 
639 

638.2 

629.3 
567 

504.1 
748 
753 
708 

606.9 

004.9 
787 
702 
785 



CiHuOi 

CtHisOi 

CiHiiO 


CiHitO 

CiHiiO 

CiHitOs 

CiHitOi 

CiHitOi 

CiHuOi 

CftHnO 

CiHiiO 

CiHuOi 

CiHiiOi 


CiHuOi 

CiHiO 

CiHiiO 

CiHiiO 

CtHiiO 

CiHuO 

CtHuO 

CiHiiO 

CiHiiO 

CtHhO 

CiHiiOt 


CrHiiO 

CrHifO 

CiHiiO? 

CfHiiO 

CtHiiO 

CtHuOi 

CtHiiO 

CiHiiO 

CiHiiO 

CiHiiO 

CiHiiO 

CiHiiO 

CiHiiOi 

CiHiiOi 

CiHiiO 

CiHiiO 

CiHiO 

CiHiiOi 

CiHiiOi 

CiHiiO 

CiHiiO 

CiHiiO 

OiBrtO 

CiHiiO 

CiHiiO 

CiHiiO 

CiiHiiOt 

CtiHiiO 

CiiHiiO 

CiiHiiO 

CiiHiiO 

CiiHiiO 

CioHiiO 


CiiHiiO 

CiiHiiO 


CiiHiiO 

CiiHisOt 

CiiHitO 

CiiHifOt 

CiiHifO 

CiiHiiOi 

CiiHiiOt 

CiiHuO 

CiiHiiO 

CuBiiO 

CiiHl^ 


Peniaerythiitol (•) 

Arabitol («) 

Allyldimetfayl earbinol 


Cyelohexanol 

^Methylcy clopentanol 

Cyclobexan-lf 2kUo1 (do ) . . 
Cyclohexan-1, 2-diol (trant) 

Quercitol (t) 

Inositol (inoaite) («) 

Pinacolyl alcohol 

Metbyldiethyl earbinol 

IMnacol (») 

Dulcitol («) 


kg-«8lii 
per mole 

661 
612 
886.8t 
013. T| 

I 801 
888 

841.9 

842.9 
704 
662 
030 
027 

807.9 
720. i| 
723 . t| 

727.9 
808 

1028 
1050.1 


d-Mannitol (•) 

Beosyl alcohol 

Diailyl earbinol 

AUylmetbyletbyl earbinol 

Ci^clobeptanol I 1060.9 

Cyclohexyl earbinol 1047.1 

1, 3-Dimetbylcyclopentan-2-ol 1030.8 

1, 3-Dimethylcyc]opentan-3-ol I 1034.9 

l-Ethy)cyclopentao-2-oI I 1030 

^Metbylcyclobexanol I 1038 

eir-l-Methylcyclohexan-l, 2-diol I 002.9 

rrant-l-Methylcyelohexan-1 , 2-diol 005 . i 

n-Heptyl alcohol iKH.ft 

Triethyl earbinol I 1080 

Perseitol (d-mannoheptol) (•) 835 

Amylpropargyl alcohol f 1102 

Diallylmctbyl earbinol | 1181 

Tetramethylbutindiol I 1142 

Allyldiethyl earbinol I 1207 

AUylmetbylpropyl earbinol 1202 

1, 2-Dimethylcyclohexan-2-ol j 1106.9 

1, 3>Dimetbylcyclohexan-2-o] 1106 

I, 3-Dimethyleyclohexan-3-ol j 1102.9 

If 3-DimethylcycIohcxan-^ol j 1183 

Tetramotbylbutenediol (fumaroid)./ 11^8 

Tetramethylbutenediol (maldnold) (•) 1172 

Octyl alcohol 1202 

Metbyldipropyl earbinol 1233 

Phenylpropargyl alcohol** I 1137 

Hydrinden-1, 2-djol (cts) 1008.9 

Hydrinden-1, 2-<liol (fraru) 1006. T 

Bexylpropargyl alcohol 1340 

1,3, 5-Trimethyloyclohex-6-en-5-ol 1305 

AUylmethyl-n-butyl earbinol 1365 

AUyImethyl<4eri..butyl earbinol j 1363 

Cydoheptylraetbyl earbinol 13^ 

l-Methyl-3-ethyleydobexan-3-ol j 1322 

Ethyidipropyl earbinol 1886.9 

1. 2. 3, 4-Tetrahydronaphtbalenediols, all forme 1250 

Bomeol (synthetic) 1^3® 

Borneol (Borneo camphor) I 1^78 

»-Boroeol (•) I H33 

f-Bomeol j 1^^ 

Diallylpropyl earbinol j 1^^® 

Terpineol (#) 1460 to 

1480 

Thujyl alcohol 1477.9 

AUyldipropyl earbinol 1518. iff 

1540.911 

Menthol (ji) . 1500 

Terpinebydrate (•) 1431 

Allylmethylbexyl earbinol 1367 

l-Phenyloydohexan-l, 2-diol (et« and Iron*)... . 1364 

Diphenyl earbinol (•) 1313 

Hydrobenaoin (•) . . 1^33 

leohydrobensoin («) 1728 

AmylphenylpropMvyl alcohol • 1801 

Cetyl alcohol (•) • 2304 

Tripbenyl carbind (•) • 3841 

DIpheaylphanylethinyl earbinol 2572 


9 

9 


t Bwietoalawald. 

X Louguinine. 

I Bertbdot. 

I Stohmann. 

Y CiHii.G:C.CHsOH. 


•• CiH*.C;C.CH*OH, 

ft Swietcalawald. 

II LooguinuM. 


I 


HEAT OF COMBUSTION: ORGANIC COMPOUNDS 


1G5 


FormuU 

Name 

kg-cali» 
per mole 

S. C, B. 0. Acioe 


CHsOi 

CtHf04 

C«H«Ot 


C«H40| 

C«H«04 

C»H40t 

CsH40a 

CaHaOa 

CaHaOc 

CaH«Oa 

CaH.Ot 

CiH^t 

CiHsO* 

CaHaOi 

CaHaO* 

C4H4O4 

CiHfOf 

CaHaOa 

C4Hf04 

C4H4O4 

CaHcOi 

CiHfOa 

C4H40« 

C4H4O4 

C4H«Os 

CaHaOt 

C«H«Ot 

C4H4O1 

C»H40« 

C1H1O4 

CtHiOa 

C4H404 

C4H4O4 

CiHvOa 

CiHiOt 

CaHfOi 

CtHiOa 

CaHKH 

CiHsOa 

CiHtOa 

CiHaOa 

CaUaOa 

CaHaOi 

CaHaOa 

CaHaOa 

CaHaOf 

CkHuOa 

CaHiOa 

CtHtOa 

CtHcOa 

CaHtOa 

CaHaOa 

CaHiOa 

CaHaOa 

CaHiOa 

CaHaOa 

CaHK>T 

CaHaOy.HtO 

CaHi^a 

CaHuOa 

CaHtiOa 

CaHtaOa 

CaHiiOa 

CaHtaOa 

CaHitOa 

CaBiaOa 

CaHtaOa 

CaHiaOa 

CaHiaOa 

CaHtaOa 

CaHtaOa 

CaHiaOa 

CaHigOa 


Formio. . . 
Oxalic (t) 
Acetic . . . 


Glycolic (a) 

Dibydroxyaoetic (glyoxylie) (a) 

Acrylic 

Pyroraoemic, pyruTic 

Malonio (a) 

Tartronio (a) 

Meeoxalio (dihydroxymaloiiic) (a) . . 

Propionic 

Lactic (a) 

Aoetylenediearboxylic (a) 

Tetrolic (a) 

Fumaric (trana) (a) 

Mal^o (eta) (a) 

Crotonio (a) 

Triuethyleneoarboxylio 

Methylmalonic (a) 

Succinic (a) 

1-Malic 

d-Tartario (a) 

di'Tartatric (anhydr.) (a) 

Meeotartaric (a) 

fi-Butyric 

leobutyric 

Hydroxyiaobutyric (a) 

dl-d-Hydroxybutyrio (a) 

Pyromucic (a) 

eiaOitraconic (meihylmaleic) (•) . .. 
Itaoonic (methyleneeuccinic) {$) . .. 
Iraaa-Meeaconic (methylfumaric) (a) 
a, cr>Trimethylenedicarbozylic (a) . . 
a, A*Trimethylenedicarbozylic (a) . . 

AUylaoetic 

Angelic 

a. d-Pentenlc (a) . 

0, r’Pentenic (a) 

Tetramethylenecarbozylio 

TigUo (a) 

Levulinic (/)-aoetylproi>lonic) (a) . . . 

Dimethylmalonio (a) 

Ethylxnalonic (a) 

Olutaric (a) 

Methylaucdnic (a) 

Trihydrozyglutaric (a) 

n-Valerlo 

Aeouitic (a) 

Sorbic (a) 

AUylnialonic (a) 

A-Hydromueonic (a) 

0* r-Hydroinuconic (a) 

a^Tctramethylenedicarboxylic (a) 
^Tetramethylenedicarboxylio (a) 
«t T'TetrameUtyleoedioarbozyllo (a) 

Triearballylio (a) 

Citric (enhydr.) (a) 

Citric (cryat.) (a) 

Hydroeorbic 

A^pic (a) 

aym.-Diinethylsuoclnic (an <0 (a) 

aym.-Dimethylauodnie (aiUO (a) 

dI>av«i.>Dimethylaaecinio (a) 

avm.-Dimetliylsuednio (poro) (a) . . 

Mftaym.^Diinethylauocinic (a) 

Htbylauecinie (a) 

Metbyietbylmnlonlo (a) 

o-Methylgluterle (a) 

Propylmelonio (a) 

leopropylmnlonic (a) 

AUomudc (a) 

Mudc (a) 

Ceprdc 


CaHtaOa 




DietbrUcetie 


* Berihdot 
tRoth. 



62.8 
60 Is 
209. 4* 
207.lt 
166.6 

125.5 

327.5 

279.1 
206 8 

165.4 

128.2 
365 

326.0 
305.9 

452.4 

320.0 

326.1 

477.7 
481 
363. e 

356.8 

320.1 

275.1 

273.0 

276.0 
520 

517.4 

471.8 

487.0 

489.7 

479.1 

475.3 
47C 4 

483 

484 
641. e 

634.8 

623.7 

632.1 
640 

626.4 

576.8 

515.1 

517.7 

514.8 

515.3 

388.3 
679 

475.1 
743 
638 

628.8 

629.1 

642.0 

642.1 

630.4 

516.0 

474.5 
471.4 
795 
668.8 

674.2 

673.0 

671.6 

670.6 

671 

671.2 

672 

670.6 
674 
674 

404.2 

488.6 

831.01 
838.21 
831 


t Swdtoelewaki 
ft Fiacher and Wrede 


Formula 

N&me 

kg-calu 
r>cr mole 

CaHiiOt 

leobutylaoetic * 

833 

CtHtOi 

Meconic (•) - 

490 8 

CrHiOt 

Bentoic («) 

711 2[I 

CtHiOt 

Salicylic (i)' 

723.1 

CtHiOb 

m-Hydroxybenioic (•) 

725.4 

CtHaOl 

p-Hi^droxyben*oic ( 1 ) 

724.5 

CtHiO* 

2, 4-I>ihy<lroxybeQxoic (#) 

676,5 

C7H«Ot 

Qftllic (j) 

633,7 

CrHiOa 

Pyrog all clear boxy lie (#) 

633.4 

CtH.Oi 

a, a, 0, ^Trimcthylenetetracarbnxylic (•) 

482.7 

CtHibOi 

Ai-Tetrahydroben*oic ( 1 ) 

857 

CtHioOi 

A»>Tetrahydrobeneoic (a) 

886 

CtHi«04 

a, ^Pentaiiiethylenedicarboxylic (a) 

781.5 

CTHiaOt 

Teraconit. acid ( 7 -dimethylitaconic) (#) 

796 

j 

CtHnOa 

Hezabydrobcnzoic 

934 

CrHitOi 

Diethylmalonic (a) 

829 

CrfiitOt 

Pimelic (ieopropyleuccinic) 

827 

CtHiiOi 

TrimetbyUuccinic («) 

829.9 

CtHkOi 

Ethyl propy lacetic 

990 

CtHhOi 

Heptylic 

986.1 

CiH.Ot 

oPhthalic («) 

771.0 

CsHeOt 

Isophthalic (*) 

768.8 

C»H.Ot 

TerephthaUc («) 

770.4 

CsHcOt 

Piperonylic (a) 

803.5 

CtHiOi 

Phenylacetic (a) 

930 

CsELOs 

o-Toluic («) 

928. 9t . 
921. O** 

CiHsOi 

m-Toluic (a) 

928.6^ 
922. 2®* 

CbHiOi 

p-Toluic («) 

926. 9T 

CiHtOi 

e-Hydroxymethylbenroic (i) 

887.3 

CbH.Oi 

1 , 2 , 3-HydroxytoIuictt (*) 

878.7 

CtHiOa 

1 , 2 , 4-Hydroxytoluictt (<) 

877.9 

CaHiOa 

J, 2, 5-HydroxytoIuictt (*) ■ ■ 

879.6 

CiHiOa 

1, 2, 6-Hydroxytoluictt («) 

882.9 

CaHaOi 

Mandelic («) 

1 

890 

CaHiOa 

p-Metbozybensoio (») 

894.5 

CaHaOa 

Phenozyacetic («) 

903 

CaHaOa 

Dihydroterephtbalio («) 

842.5 ^ 

CaHiOa 

1 

Ai'^Dihydroterepbtbalio (a) 

835 . 5 / 

CaHaOa 

A^’^-Dihydroterephtbalic («) 

842.1 

CaHaOa 

A^’^Dihydroterephtbalio (fum.) (a) 

844.9 1 

CaHiiOa 

A^Tetrahydroterephtbalic (a) 

882 . 

CaHieOa 

A^Tetrahydrotercpbtbalic (a) 

881 \ 

CaHiaOi 

AmylpropioUc 

1083 1 

CaHiaOi 

Cyclobexen^l-acetic (a) 

1045 ; 

CaHitOt 

Cyclobexylideneaoetio (a) 

1042 1- 

CaHiiOa 

traru~l, 2-CyclobezanedicarbozyUc (a) 

930 ( 

1 

CaHtfOa 

eta>Hezabydroterepbtbalic (a) 

928.3 f’ 

1 

CaHiiOa 

frana^Hezabydroterephthalio (a) 

929.1 ' 

CaHiaOi 

Cyclobeptanecarbozylio (a) 

1088 < 

4 

CaHiaOi 

Cyclooctano (act.)t 

1089.3 1 

CaHiaOa 

Hexahydro-m-toluic *. 

1086 ; 

CaHiaOa 

aym.'Dietbylauccinic (a) 

987 j’ 

CaHiaOa 

Ufuym.-Diethylauccinio (a) 

985 h 

CaHiaOa 

aym. -Dimetbyladipio (a) 

086.7 i 

CaHt^a 

Etbylpropylmalonio (a) 

983 } 

CaHiaOa 

Suberic (a) 

083.4 ^ 

CaHiaOa 

Tetrametbylsuodnlo (a) . 

980 « 

CaHiaOa 

Dimethyldibydrozysdipio (a) 

889 

CaHiiOa 

Dipropylacetio 

1146 

CaHaOi 

PhenylpropioUo (a) 

1021 

CiHaOa 

Trimeeio (a) 

767.0 ;i 

CaHaOt 

cia-AUooinnamio (M. P. 58®) (a) 

1047 y 

CaHaOa 

frona^Cihnamio (a) 

1040 i 

CaHiOa 

Atropio (a) 

1044 

CaHiOa 

eia>(aUe)-|>- Hydrozydnnaznio (a) 

096 

CaHaOi 

frana-p-Hydrozyeinnamio (a) 

991 1 

CaHiOa 

CTitio (a) 

928.9 

CaHiiOa 

Hydrodnnamic (^phenylpropionio) (a) . . . . 

1085 • 

CaHiaOa 

Mealtylenio (a) 

A 1 

1085 1 

CiHiaOa 

a^Cyclohezene-l-propionJo 

1200 ; 

CaHiaOa 

HexylDTODiolio 

1232 1 

CaHiaOa 

CamphoLvtio (a) 

1366 

CaHiaOa 

Isocampbolytio (a) . . 

1363 


h 


fl 

f 




Y Stohmann. 

** Auwcra and Roth. 

ft The numbers denote the poeitiona of carbozyL hydrozyi methyl 
groups 
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Formula 

Name 

kg-eahi 
per mole 

8. C, H. 0, Acids. — (CorUtnued) 


CtHiiOa 

Azelaic (a) 

1141.4 

CfHiiOa 

Dipropylmalonio (a) 

1140 

CfHtiOt 

Heptylacetic 

1287 

CiaHiCh 

Pyromellitlo (a) 

776. a 

CisHaOi 

nVAUopiperonylacrylio (a) 

1076 

CiaH>04 

frana-Piperonylacrylic (a) 

1067 

CieHaOa 

Bensalmalonio (a) 

1066 

CiaHiaOi 

o-Methylcinnamio (a) 

1108 

CiaHioOf 

^-Methylcinnamic (a) 

1197 

CttHioOi 

cia-Pbenylisocrotonictt (a) 

1195 

CiaHioOa 

ciia-(allo)-p-Methozycinoamic (a) 

1172 

CioHioOa 

frana-p-Methozycinnamiclf (a) 

1163 

CioHioOs 

eta-Methylcoumarinic (a^ 

1167 

CioHioOa 

Irona-Methylcoumaric (ar ... 

1161 

C 1 OH 10 O 4 

Beniylmalonic (a) 

1082.8 

CioHi»04 

Phenylsuccintc (a) 

1082. s 

CioHioOi 

Opianic (a) 

1000 

CioHioO* 

Hemipinic (a) 

1025 

CioHijOj 

Cumic (p-isopropylbenzoic) (a) 

1238 

CioHitOt 

Geranic 

1379 

CioHtiOa 

a-T'»nacetoneketocarbozylie (a) 

1327 

CioHiiOi 

d-Campboric (a) 

1244 

Ci»Hi(Oi 

Carapholic ( 4 ) 

1412 

CioHitOt 

Bexahydrocumic (a) 

1396 

Ci*Hii04 

Beptylmalonic (a) 

1297 

CiqHisOi 

Sebacic (a) 

1297 

CisHia04 

Triethylsuccinic (a) 

1301 

CiiHjsOt 

Capric (a) 

1463 

CtiHiOi 

or-Napbthotc (a) 

1232 

CiiHiOi 

^Naphthoic 

1227 

CiiHtaOi 

AUocinnamylidencacetic (a) 

1319 

CiiHtaOi 

Cinnamylideneacetic (a) 

1311 

CiiHioOi 

cia-Aoetylcoumarinic (a) 

1212 

CiiHi«04 

frona-Acetylcoumaric (a) 

1208 

CiiHta04 

Phenylparacontc (a) 

1195 

CitHitOa 

eta-Ethylcoumarinic (a) 

1323 

CiiHiiOt 

trona-Ethylcoumaric (M. P. 133-134*) (a) ... 

1316 

CiiUiiOi 

UndecoUc (a) 

1638 

CiiRmOi 

Undecylenic (a) 

1680 

CtiH»04 

Nonanedicarboxylic (a) 

•1466 

CiiHst04 

n-Octylmalonic (t) ... 

1463 

CuHttOt 

Undecylic (a) 

1610 

CnHtOii 

Mellitic (a) 

788 

CitH<04 

Napbthalic <1, 8-naphthalenedicarboxylie) (a). 

1244 

C^itHiaOi 

Cinnamylidenemalonie (yellow) (a) 

1319 

GitHitOa 

A-Bentallevulinic (a) 

1413 

CitHifOa 

4-BeniaUevulinio (a) 

1410 


Hezahydromellitic (fum.) (a) 

923 

CiaHt40a 

cia-Propylcoumarinic (a) 

1476 

CiaHiaOt 

frena-Propylcoumarie (a) 

1470 


Dccanedicarbozylie (a) 

1611 

CisHnOa 

Tetraethylsuecinic (a) 

1619 

CitHscOt 

Laurie (a) 

1772 

CisHiaOa 

(rana-n-Butylcoumaric (a) 

1631 

CisHiaOa 

cia-n-Butylcoumarinic (a) 

1637 

-CiaHMOa 

Braasylic (undecanedicarbozylic) (a) 

1769 


Dipbenylacetic (a) 

1651 

GiaHuOt 

Bentilic (a) 

1618 

Ci4HiiOs 

Isoamylcoumaric (a) 

1790 


cia-Isoamylcoumarinio (a) 

1791 

CixHhOs 

Myriatie (a) 

2086 

CiaHi«Oa 

CiiHiaOa 

cKDiphenylsuecinlo (anhydr.) (easily sol. form) 

(a)IIII 

^Diphenylsuccinie (difficultly eol.) (a) 

1810 

1087 

CiaHisOs 

Dibeniylacetic (a) 

1954 

CisHmOs 

Palmitic (a) 

2380 

CifHiiOs 

^Tolylmethozycinnamio (stable) (a) 

2036 

CisHisOa 

••TruziUie (a) 

' 2083 

CisHaiOi 

StesroUe (a) 

2629 

CisHsiOt 

ElaJdie (a) 

2664 

OisHaiOs 

Oleic 

266751 

2682*** 


n C«H4.CHKni.CHiCOOB. 



II M. P. 170* (Uq. cry«t.): clean at 186*. 

1 1 The heat of eombuetioo of the acetone addition product of cr^lipbeoyl* 
meei^e aoid (easily eol. form) ia ciren aa 2237.9 ki-ea). 

Emery and Beoediet. 

••• Sto hm a an . ttt Exposed to the action of light. 


Formula 


Name 


CiiHjiOr 

CuHifOi 

CnHieOi 

CtiHioOi 

CtiHiiOt 

CiiH4>Ot 

CttH«40i 

C 11 H 44 O 4 

Ct4HioOi 


Stearic («) 

Otylmalonic (a) 

Arachidio (#) 

Behenolio 

Braaaidic (a) 

Enicic (a) 

Behenie (a) 

Dihydroxybehenie (a) 

Cinnamylidenemalonicftt 


kf-ealia 
per m ole 

2698 

280t 

801a 
3265 
3290 
3297 
3338 
3236 
2639 


4. C, H, O, Acid Anhtdridbs and Lactonxs 


C4HtOs 

C4H4O1 

C4HfOi 

C1H4O1 

CiHiOi 

CiHfOa 

CtHaOs 

C4HiOa 

CiHaOa 

C4H10O1 

CtHt^Os 

CiHivOa 

CiHioOi 

CiHioOc 

CTHiffOa 

CtHioOi 

CtHlOt 

C1H4O1 

CtHfOa 

CtHioOa 

CtHiaOf 

CtHijOi 

CtHitOa 

CaHuOt 

Ci«H)Oi 

CioHi«04 

CioHnOa 

CioHi40t 

CiiHttOi 

CiiHfOs 

CiiHtoOa 

CisHttOa 

CmHioOi 

CmHicOi 

CicHieOt 

CiiHitOi 

CuHkOi 

CnHttOt 

CtiHvOi 


Maleic anhydride (a) 333.0 

Succinic anhydride (a) 369.6 

Acetic anhydride (p) 468.3 

(liquid) 431.9 

Itaconic anhydride (a) 481.6 

Glutaric anhydride (a) 628.0 

Methylauccinio anhydride (a) 627.7 

Dimetbyleuccinic anhydride (aym.) (a) 680 

Dimethyleuccinic anhydride (unaym.) (a) 682.6 

Ethylfluccinlc anhydride 684. a 

Propionic anhydride 746.# 

Saccharic acid lactone (a) ^ 666. a 

/.Qulonolactone (a) 614. T 

d-MannoIactone (a) 618. T 

f-Mannolactone (a) 616. a 

Trimethylauccinio anhydride (a) 836.1 

Terebic acid (y, T*dimethylparaoonto acid) (a) . . 778. a 

Olucoheptonic acid lactone (a) 726. a 

Phthalio anhydride (a) 781. a 

Phthalide (a) 884 

cia-Hexahydrophthalic anhydride (sol.) (a).... 932. a 

trana-Hezahydropbthalic anhydride (sol.) (a).. 937. a 

aym.-dl- Diethylsucclnic anhydride (a) 997. a 

anfi-Diethylsuccinic anhydride (a) 997.1 

Dietbyleuccinio anhydride (wnaym.) (a) 908 

Tetramethylsuccinic anhydride (a) 993 

Qlucooctonie lactone (a) 836. T 

Phenylsuccinio anhydride (a) 10®^ 

Meconine (dimetbozy phthalide) 


Camphoric anhydride (a) 

Triethylsuocinio anhydride (a) . . . 

4-Methyl opianato (a) 

Napbthalic anhydride (a) 

Tetraethylsuocinio anhydride (a) . 

Diethylacetio anhydride (a) 

Benioio anhydride (a) 

Heptylio anhydride (a) 

Diphenylmaleio anhydride 

df-Dtphenylsuccinie anhydride (a) 

Cinnamic anhydride (a) 

Diphenylacetio anhydride (a) . . . . 

Dibeniylacetic anhydride (glassy) (a) 

6. C. H, O, Carbobtdratbs: Cbixpixmib, Stabch, Etc. 


1262 

1310 

1263 

]26s 

1621 

1669 

1666 

1986 

1769 

1816 

2091 

3308 

3931 


CiHit04 

CtHttOi 

CtHiaOi 

CtHifOa 

CiHitOi 

CiHitOi 

CiHiiOa 

CiBitOa 

CiHitOi 

CtHitOa 

C9H14O7 

CiiHjfOa 

CitHttOti 

CitHtiOii 

Ci]Hi}Oii.HtO 

CiiHtiOii 

CitHtfOit.HiO 

CtiHnOii 

CitHttOit 

CiaHnOii 

CiaHtsOii 

CiaHnOii 

CiaHttOiaHiO 
• a. p. 162. 


Arabinoee (a) 

Xylose (a) 

l-Olucosan (a) 

Fucoee (a) 

Rhamnoee (a) 

Rhamnoee (a) 

Qalactoee (a) 

d-Qlucoee (dextrose) 

1-Fruetoee (a) 

Sorbinose (d*sorbose) (a) - 

Olucofaeptose (a) 

Rhamnoee triacetate (a) . 
Cellobiose (anhydr.) (a) . 

Lactose (anhydr.) (a) 

Lactose (a) 

Maltose (a) 

Maltose (cryst.) 

Sucrose (a)* 

Trehalose (cryst.) 

Trehalose (myoose) (a) . . . . 
Galactose pentaacetate (a) 
Glucose psntascetste (a) . . 
M e leai t ose (a) 


669 
661 
678 
712 
718 
711.* 

670 
673 
676 
668 
783.4 

1861 
1360 
1360.4 
1344. f 

1360.4 

1339.4 

1349.4 

1341.4 

1349.4 

1726 

1796 

2042 
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Formula 

CitHnOi* 

CuHnOiaSHtO 

CuHmOi* 

C»HmOm 

CsHiiOu 

CaHaiOu 


Name 

Raffinoae (meiitoee) («) 

Raffinoae (oryat.) 

Stachyoae (anbyd.) (calc.) («) 

CeUobioae octoacetate («) 

I«aetoBe octoacetate («) 

Maltoee octoacetate («) 

Bucroee octoacetate (•) 


kg-calii 
per mole 

2026 . s 
2018.9 
2709 
3032. e 
3029 8 
3030. e 
3033.8 



Name 


Starch 

Starch acetate 
Inulin 


Inulin acetate. ■ 

Dextrin 

Glyeogen 

Cdluloee 

CeUuloee acetate 

Xylan 

X ylan acetate 

6. Othcb C, H. D-Compouhds (partial list only: for complete list, r. (*)) 


gocalii per ii^ain 


4179 

4499 

4130 

4190 

4522 

4110 

4186.8 

4181 

4496 

4260 

4548 



CHiO 

1/n (CHfO). 
CiH«0 

C>H40t 

CtHtO 

CiHiO 

C>HiO« 

CiH<0* 

C.H.0 

CtIUOt 

CiBtO 

CtHiOi 

CiHaOi 

C«Hi.O 

CtBuO 

C»HmO 

CtBiiO 

C»Hi^] 

Cin40f 

CtHiO 

CtHaOa 

C4U*Oi 

CtHiOa 

CtBiOa 

C»HuOi 

CaHiaOf 

CtHiiOi 

CtBmO 

CiHiaOa 

CtHuOi 

CtHtO 

CiHaOa 

CtHiOi 

CtHitO 

CfHiaOa 

CtHifOa 

CfHiaOi 

CuHiQ 

CiaHaO 

Ct«Hi«0 

CiaHiaO 

Ci4HiOt 


Formaldehyde (g) . . . . 
Paraformaldehyde (•) 
Acetaldehyde (ff) 


Methyl formate (g) 

(Uquid) 

Dimethyl ether (g) 

Acetone 

Ethyl formate (a) 

(Uquid) 

Methyl accwAte (g) 

(Uquid) 

Methyl ethyl ether (g) ...... . 

Metbylal 

Methyl ethyl ketone 

Ethyl acetate (g) 

(Uquid) 

Methyl propionate (g) 

Diethyl ether (g) 

(Uquid) 

Diethyl ketone 

Methyl propyl ketone 

Methyl isopropyl ketone 

Ethyl propionate 

Quinone (•) 

Phenol (•) 

Pyrocatecbol («) 

ReeorciDol (#) 

Hydroquinol («) 

PyrogaUol (•) 

Ethyl acetoacetate 

Ethyl a>butyrate 

Ethyl Uobutyrate 

Dipropyl ketone 

Amyl acetate 

Ethyl valerate 

Acetophenone («) 

Methyl bensoate 

Methyl aaUeylate 

Methyl hexyl ketone 

Ethyl bensoate 

Ethyl p-hydroxybensoate (s) 

Ethyl aaUoylate 

o-Naphthol (») 

^Naphthol (•) 

Camphor (•).. 

Beniophenone (•) 

Anthraoulnone (•) 




CH.NO 

Formamide 

CHiNOi 

Nltromethane. 

CH4N1O 

Urea (•) 

CH4N 

Methylamine (g) 


(Uquid) 


kg'calii 
per mole 

134 
122 

280.5 

279.0 
240.2 

233.1 

347.6 
427 

398.4 

391.7 

397.7 

381.2 

603.4 

462.8 
682 

544.4 

638.5 

552.3 

660.3 
651 7 
736 
736 
734 

690.8 

656.5 
732 
685 
683 
683 
639 

753.6 

851.8 

845.7 
1051 
:04o 
1017 

989 

943.8 

898. 8 
1205 
1099 
1043 
1051 
1186 
1187 
1411 
1557 
1 545 

(»)) 

135 
169.4 
162 
259 
256 



Formula 

Name 

kg-calu 
p4>r mole 

C»Ni 

Cyanogen ig) 


CiHirif 

Acetonitrile ig) . 

310 4 


(liquid) 

302.4 

caiiNO 

Glycolic nitrile . 

256.7 

C,HiNO 

Methyl isocyanate 

269.4 

CjH»NO* 

Oxjuriic acid («) 

130 

CiHiNjO* 

Oxamide («) - 

203 

CtHjNO 

Acetamide («) 

283 

CiHaNOi 

Nitroeth.<ne 

322.2 

C,H*NOj 

Ethyl nitrite (ff) 

333 

CtHkNOt 

Glycine (aminoacctic acid) (r) ^ 

234 

CtHjNOa 

Ethyl nitrate ig) 

322 

CjHtN 

Dimcthylamine ig) 1 

422 


(liquid) 

417 

C 1 H 7 N 

Etbylamine (g) 

413 


(liquid) 

408.5 

C»HsNi.H,0 

Etbylenediamine 

452.6 

CiHjNi 

Malononitrile («) 

394.8 

CjHjNjOi 

Parabanic acid (•) 

212.4 

C»H4NiOa 

Hydantoin («) 

311.7 

C»H»N 

Propionitrile 

. 456.4 

CaHiNO 

Ethyl isocyanate 

424.6 

CiHiNiO. 

Trinitroglycerol 

432.4 

C.H4NjOi 

Malonamide («) 

359 

CtH4NtOj 

Hydantoic acid (*) 

308.6 

C 1 H 7 K 

Allylamine (g) 

528.1 


(liquid) 

524.8 

C.HtNO 

Propionaniide (*) 

440 

CiH7NOa 

Alanine (t) 

388.5 

C 1 H 7 NO 1 

d'Alanine («) 

387.5 

CJH 7 NO 1 

Nitropropane 

477.9 

C.H7NOt 

Sarcosine (s) . 

401 

CiHtNO* 

Urethane (•) 

397 

C.H 7 NO 1 

Isoeerine (•) 

343.7 

CiHsNaO 

Ethylurea («) 

472 

CiH#N 

Propylamine (g) 

572 . 3 


(Uquid) 

558.3 

C.H.N 

Trimethylamine 

578.6 

C4N> 

Carbon subnitride (acetylenedicarboxylic acid 



nitrile) («) 

516 

C 4 H.N 1 O 4 .H 1 O 

AUoxan (•) 

276.3 

C 4 H 4 N 

Allyl cyanide 

575 

C 4 H 1 N 

Trimethylene nitrile 

581 

C 4 H 4 N 

Pyrrole 

667.7 

C4H»NOt 

Succinimide («) 

438 

C4H«NtOt 

Diketopiperaxine (•) 

474.6 

C 4 H 7 N 

n>ButyronJtrile 

613.3 

C 4 HTNO 4 

Aspartic add (•) 

384.9 

C4H7N.O 

Creatinine (•) 

663 . 4 

C4HaNiOt 

Succinamide (#) 


C4H4NiO« 

Asparagine (s) 

463.3 

C4HtNiOa.HtO 

Asparagine (cryst.) 

469.7 

C4H»N0 

n-Butyramide («) 


C4H»N0 

Isobutyramide (•) 


C4HiNO> 

leobutyl nitrite (g) 

644.6 

C4H»N<Os 

Creatine (anhydr.) («) 

558 

C4HtN<0>.HtO 

Creatine (cryet.) 

553. 1 

C 4 H 11 N 

n-Butylamine 


C4HuN 

Isobutylamine 

713.8 

C 4 H 11 N 

sec.-Butylamine 

713 

C4HnN 

t«r<.>Butylamine 

716 

C 4 H 11 N 

Dietbylamine (g) 

731 


(Uquid) 

722.8 

C*H4N40i 

Uric acid (#) 


C»H»N 

Psrridine 

660 

CiRiNiO 

Guanine (•) 

586 

CiHcNsOt 

4-Methy)uracil (#) 

566 

C»H«NtOf 

5'Metbyluracil (•) 


C|H«N404 

Pseudourio add («) 

, 454.2 

CiHiNtOa 

4-MethylhydrouracU (•) 

618 

C 1 H.NO 4 

Glutamic acid (act.) (•) 

542.4 

CiHiiN 

Piperidine 

826.6 

CtHiiNOi 

d4-<»'AiniDoisoyalerio add («) 

701 

CiHi.N 

leoamylamine 

867 

CiHiNrOt 

1, 2, 4>Trioitrobensene («) 

674 

CaiiNtO« 

1, 3, 6-Trinitrobensene («) 

664 

CiHiNrOr 

2, 4, 6-Trinltrophenol (•) 

620 

C4H4Nt04 

o-Dinltrobensene («) 

703.3 
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Formula 

' N&me 

1 

kg-cali, 
per mole 

7. Nitkooen Compounds. — (Continued) 

C*H4Ni04 

1 m-Dinitrobenzene (z) 

697 

CsHiNiOi 

p- Dinitrobenzene (z) 

695 

C(H4N,Oi 

2, 4-Dinitrophenol (z) 

54S 

CsHiNOi 

Nitrobenzene 

730 

C.H 4 NO, 

o-Nitrophenol (z) 

689 

C.HiNO, 

m-Nitrophcnol ($) 

684 

CiHiNO, 

p-Nitrophenol (z) 

686 

C.H.NiO, 

o-Nitroaniline (z) 

766 

C«H6N,0> 

m-Nitroaniline (a) 

765 

CeH*N,0, 

p-Nitroaniline (z) . 

761 

CeHeNjOi 

Tn-Nitrophenylhydroxylaminc 

766 

CiH;N 

Aniline 

813 

CeHiN 

a-Piroline 

815 

C.H 7 N 

/?-Picoline 

812 

C.HtN 

7-Picoline 

816 

C,H7N0 

Phenylhydroiylamine 

804 

C.H,N, 

Phcnylhydrazino (z) 

876 



805 

CiHiN, 

p-Phcnylenediamine (z) 

843 

C,Hi,N,0, 

d-Alanine anhydride (z) 

786 

C,HnN4 

Hexamethylenototraminc (z) 

1006 7 

C.HuNOi 

Leucine (z) 

856 

C,HuN 

Hczylamine 

1022 

C4Hi»N 

Tricthylamine . . . . 

1037 

C7H,N 

Benzonitrile 

866 

CtHiNO, 

m-Nitrobenzaldehyde (z) 

800 

C7H»N04 

o-Nitrobcnzoic acid (a) 

735 

CtH»N04 

♦n-Nitrobenzc^c acid (z) 

729 

C 7 HIN 04 

p-Nitrobcnzoic acid (z> 

728 

CtHsN.O# 

2, 3, 4-Trinitrotolueoe 

833 

CtHiNiOi 

2, 3, ^TVinitrotoluene (z) . . 

824 

CtHiNiOi 

'1, 3, 5“T>initrotolueno 

825 

C7H,N,04 

2, 4, 6“ Trinitrotoluene (z) . . 

821 

CTHiNiOi 

3, 4, 5-Trinitrotoluene (z) . 

828 

C7H,N,04 

3, 4, 6-Trinitrotoluenc (z) 

826 

CtH,NiO, 

Tetryl (z) i 

842 

C7H4Nt04 

2, S-Dinitrotoluene (z) 

859 

C7H4N,04 

2, 4-Dinitrotoluene (z) 

853 

C7H4N,04 

2, 5-Dinitrotoluene (a) 

865 

C7H4N,0| 

2, b'Dinitrotoluene (z) 

1 ^ ^ 

854 

C 7 H 4 N 704 

3. 4-DinitrotoIuene (z) . . . 

860 

C 7 H 4 N 704 

3, ^Dinitrotoluene (z) 

853 

C 7 H 7 NO 

Denzamidc (z) 

848 

C7HtNO 

Formanilide (z) 

861 

C 7 H 7 NO, 

o^Nilro toluene 

897 

C 7 H 7 NO, 

tn-Nitrotoluene 

893 

C 7 H 7 NO, 

' p*Nitrotoluene (z) 

889 

C7H7N,04 

2, 4-Dinitromethylanilinc (z) 

884.5 

CtHiNiO, 

p-Nitromcthylaniline (z) 

924 

CtBiNiO, 

Theobromine (z) 

845 

C7H,N 

! Benzylamine 

967 

C7H,N 

! Methylaniline 

973.8 

C7H|^N 

o-Toluidine 

964 

C7H,N 

m-Toluidine 

965 

CiHtN 

p>Toluidine 

958 

C 7 HI 7 N 

Heptylamine 

1179 

CcHiNO 

Benzoyl cyanide (z) . . . 

940 

CzHiNO, 

Isatin (z) 

866 

aHiNOt 

Phthaiimide (z) 

850 

CtHrN 

Benzyl cyanide 

1024 

C^HtN 

Indole (z) 

1022 

CtHtNO, 

EHoxindol (z) 

916 

CtHtNiOi 

Methyltetryl (z) . . . 

1009 

CtH^NtOi 

^Nitroaeetanilide (z> 

074 

CtHiNiOa 

m>Nitroacetanilide (z) . . 

970 

C.H,N,Oa 

p>Nitroaeetaailide (z) 

968 

CtHzNO 

Acetanilide (z) 

1010 

CzHzNOa 

Phenylglydne (phenylaminoaoetio add) (z) . . . . 

955 

CtHtNOz 

o-Nitrophenetole 

1021 

CANOt 

m-Nitrophenetole 

1009 

CtHzNOa 

p-Nitrophenetole 

1006 

C«HizN40i 

Caffeine (z) 

1014 

CtHiiN 

Dimethylaniline. . 

114s 

CdiiiN 

Ethylaniline 

1122 

CtHitNtO 

Veronal (5,S^ethylbarbituric acid) fzl 

083 

CtHirN 

Coniine 

1275 

CtH.,N 

1 Dilaobntylamine . . 

1348 

CzU7N 

Quinoline 

1123 


Formula 

C,HiN 
C*H.N 
CtH.NO. 
C.H 11 NO 

CfHiiNOj 

CfHnNO. 
C#HijN 
C.oHiN 
CioHtN 
CioH»N 04 
CieH.iN 
CioHuNOi 

CioHkN) 

CioHiiN 
CioHjiN 
CmHtN 
Ci»H;N 
Ci,H,N 

CjjHioNi 

CijHjiN 

CiiHiiNi 

CijHiiNi 

CuHitN 

CuHiiNO 
Cl jHijNiO 

CijHijNzO 

CnHi.N 

CuHnN 

Ci«Hi«NtOi 

CmHuN 

CuHiiN 

Ci7HiiN0».H:0 

CmHuN 

CuHtiNOi.HjO 

Ci.H„NOj 

CwHiiNOi 

CjoHjtNOu 

CjiH *iN 

CjiHjjNjOi 

CmHuNOt 

CuHi«Ni04 

C»jHitN0*.2H,0 


Name 


3-Methylindole 

cr-Methylindole 

Hippuric acid (•) 

Propiooanilide (•).... 

PhenylaUnine (•) 

Tyrosine («) 

Bensylethylamine 

a-Napl?thylamine (») . 

^Naplythylamine (•) . 

Hcmipinimide (•) 

TetrabydroquinaldJne 

Phenacctin (•) 

Nicotine 

Diethylaniline 

Diisoamylamine 

a^Naphthonitrile («). . 

<3-Naphthomtrile («) I 1321 

Carbazolo («) 1476 

Atobenzene («) 1646 

Diphenylamine ($) I 163 t 

Hydrazobenzeno (*) 1697 

1590 

Benzidine (z) j 1661 

Triisobutylamine j 1974 

Bcnzanilide (#) ;...j 1676 

zym.-Dipbenylurca (») j 1613 

unzj/m.»DipbenyIurea ($) 1614 

Dibcnzylamine (z) j 1853 

Triisoamylamine 2469 

Indigo (z) 1815 

Pbcny]-a>napbtbylamine (z) 2004 

Phbnyl-^naphthylamine ($)... J 1998 

Morphine (z) 2146 

Triphenylamine (z) I 2261 

Codeine (z) 

Thebaine (z) 

Papaverine (z) 

Amygdalin (z) 

Tribenzylamine (z) 

Strychnine (z) 

Narcotine (z) 

Brucine (z) 

Narceine (z) 


kg-ealii 
per m ole 

U7e 
1169 
1012 
1168 
1111 
1070 
1290 
1264 
1261 
1099 
1382 
1286 
1428 
146t 
1660 
^326 


2328 

2441 

2478 

2348 

2762 

2686 

1644 

2933 

2803 


Carbon tetrachloride O 7 ) 

(liquid) 

Chloroform (jf) 

Oiquid) 

Iodoform (z) 

Methylene chloride (ff ) . 

Methylene iodide 

Methyl bromide (g) 


Methyl chloride 


• • • 


8 . Haloobn CoMPormns (partial Ust only; for complete liat, t 
statee: dil. solution of HC1; Br vapor; solid It 

ecu 

CHCli 

CHI, 

CHiCl, 

CH,I, 

CHiBr 

CH.a 

CHJ 

c,Ha,o, 

C,H,C10 
CtHtCIO, 

C,H4C1i 
C iH.Cli 

C,H|Br 

c,H,a 

C,HJ 

c,H,a 

CaHTBr 

CtHrOl 
C,H,I 
CiHiI 
C« H,C1,0 , 

HQ 


(I)). Final 


Methyl iodide (g) 

(liquid) 

Trichloroacetic acid (z) 

Cbloroacetaldebyde 

Cbloroacetic add (z) 

Ethylene chloride (g) 

Etbylidene chloride (g) 

(liquid) 

Ethyl bromide (g) 


Ethyl chloride (g) 


Ethyl iodide (g) ■ . ■ 

(liquid) 

Allyl chloride (g) . 
Propyl bromide (g) 
Propyl chloride (g) 
n>Propyl iodide. . . . 
Isopropyl iodide 
Ethyl dichloroacctate 
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Formula 

Name 

kE -calls 
per mole 

CiHrClOi 

Ethyl ohloroacetate 

493.9 

CiHtCl 

Isobuiyl chloride 

635.6 

C^CUO* 

Tetrachloroquinone (<) 

517.7 

CiHCliOi 

Trichloroquinone (•) 

546.4 

CiHtCltOt 

2 , 6 -Dichloroquinone (•) 

678.9 

CiHtClt04 

Chloroanilio acid (s) 

484.0 

CtHiCliOt 

Tetraeblorobydroquinol («) 

563 

CtHiClOt 

ChloroQuinone («) 

616.6 

C«HiClsO« 

Trichlorobydroquinol (*) 

593 

C.H 4 CU 

o-DichlOTobenxene (») 

671.8 

C«H4CliOt 

2, 6 -Dichlorohydroquinol («) 

614 

CtHtClOs 

Chlorohydroquinol («) 

646 


Phenyl iodide 

771 

CtHjCIO 

Bensoyl chloride 

783 

CrHja 

; Benxyl chloride 

886.4 

- CtH4CltOi 

Phthalyl chloride («) 

802 

9. SuLTUB CoupOUNDtt, final state: dilute H 3 SO 4 aq., except as otherwise noted 

• 

COS 

Carbonyl aulfide (g) 

130.5* 

CSi 

Carbon disulfide 

246.6* 

CH4N«S 

Thiourea («) 

342. 8t 

CH«S 

Methylmercaptan (g) 

297.6* 

CtHiNS 

Methyl thiocyanate (g) 

397.4* 


(liquid) 

453.1 

CiHtNS 

Methyl isothiocyanate (g) 

390.5* 


(«) 

442.9 

CiH.S 

dimethyl sulfide (g) 

455.6* 

CiH.S 

Ethylmercaptan (g) 

452.0* 


Oiquid) 

517.2 

CiHtNOiS 

Taurine (s) 

382.9 

C*H4Nf08 

Tbiohydantoin («) 

503.0 

C 1 H 1 N 8 

Ethyl thiocyanate 

613.8 


Formula 

Name 

kx-calti 
per mole 

C.HsNS j 

Ethyl isothiocyanate 

604.1 

CiH4NiO>S 

Thiohydantoic acid (a) 

498.5 

C.H*S 

Thiophene (liquid) 

670.5 


(n) 

608.2 

C4HsNS . 

AUyl mustard oil (liquid) 

733 


(n) 

673* 

C*H«NjS 

Allythiourea (s) 

792 

C4H»NSj 

Dimethyl N-methylcarbimidcdithiolate 

969 

1 

CiHsNSf 

S-Mcthyl V-dinicthyldithiocarbamate (sol.) . . 

954 

CiHsNS* 

Methyl formothialdine 

964.6 

C*HioS 

Diethyl sulfide (g) 

769* 


(liquid) 


CiH«OjS 

a-Tbiophenecarboxylic Acid (a) 

646 

CiH.OiS 1 

Tctrahydro-o-thiophenecarboxylic acid (a) 

755 

CsHioNtSt 1 

Dimethyl formocarbothialdine (sol.) 

1098 

CsHioNiS* 

Carbothialdine (sol.) 

1086 

CsHioNjS* 

Pcntamethylenediamine disulfine (sol.) 

1113 

CiHiiNSj 

S-Ethyl V-dimethyldithiocarbamat^ 

1122 

CsHiiNSj 

Dimethyl V-etbylcarbiimdoditbiolate 

1130 

CeHijNiOiSj 

Cystine (a) 

! 994* 

CsHiiNS, 

5-MethyI V-diethvldithiocarbamate 

1272 

CsHuNSt 

Diethyl V-methylcarbimidedithiolate 

1289 

CsHuNS* 

Tbialdine (sol.) 

1264 

CtHsNS 

Phenyl isothiocyanate 

1024 

(^HmNSj 

Dimethyl V-phenylcarbimidedithiolate 

1545 

CiiHhNsO tS 

Beneonaphthoquinonethiazine (a) 

2278 


* Gaseous SOt. t HsS04.200HtO. 

LITERATURE 

(For a key to the periodicals see end of volume) 
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THERMOCHEMISTRY : HEATS OF FORMATION UNDER CONSTANT PRESSURE (HEATS 

OF SOLUTION. HEATS OF TRANSITION) 

F. Russell Bichowsky 


EXPLANATION 


ArranflcmcrU.— Standard, v. Vol. Ill, p. viii. 

Column 1 . F ormula . — The formula appearing in Column 1 
identihes the substance whose heat of formation per g.f.w. (gram- 
formula-weight) is shown in Column 3. Polymorphic forms or 
states requiring further description than that given in Column 2 
are indicated by arbitrary signs in parentheses; e.g., by Greek 
.letters, Roman numerals, or descriptive phrases. The poly- 
morphic forms are further identified by the transition temperature 
gi>^n m Column 4 as superscript after the abbreviation, Tr. 

0 umn 2. Physical Slate . — For each substance the physical 
^te to which the heat of formation refers is indicated in Column 

, Qoo 1 ^^b'^vUtions below. Ail states are for 1 atm. and 
18 C, unless otherwise indicated by superscript in Column 3. 

Numerals or formulae in Column 2 indicate that the substance is 
m solution, g.f.w. being dissolved in X g.f.w. of the solvent. 
Where the solvent is not expliciUy. stated, water is to be under- 

concentration not 

w ’ “ "dilute-.” Thus, 200 = “1 g.f.w. of the 

wbatance (^lumn 2) dissolved in 200 X 18 g H.O;” 200c,Hrf)H = 
1 g.f.w. of the substanoe dissolved in 200 X 46.0 g C,HtOH;” 

na »r * ^ substance dissolved in a large amount of 

etc. 


Column 3. He^ of Formation.— Tho values in Column 3 
l of Wojoul^ kj (absolute), of heat evolved when 

SiDit “ ‘heir ^nd 

; ^““"hns *" ‘he above definition 
heat of formation of an element in its standard state is sero. 


standard state of any element may be located by this fact and by 
the abbreviation “Def." in Column 3 opposite the formula of the 
element. Heats of formation of ions are based on the arbitrary 
value, 0, for H*^, and are for dilute solutions of completely ionized 
electrolytes. 

Accuracy . — All the -values recorded in this table have been 
recomputed from the original experimental data, using consistent 
values for all subsidiary quantities. Heats of reaction|i and of 
dilution may therefore be computed by difference with an accuracy 
as high as known. Estimated accuracy is indicated by number of 
significant figures. This accuracy is not the absolute accuracy, 
but the accuracy of the particular reaction used to compute the 
figure given {v. Column 4). The absolute accuracy will be less 
than that of the le^st accurate determination in the total chain of 
reactions used to calculate the heat.of formation from the elements; 

Column 4. Method . — In Column 4 an attempt has been made 
to indicate in a general way the reactions which have been employed 
in computing the values given. See list of abbreviations below. 
Formulae in this column, e.g.f MOH, indicate that the heat of 
formation of M'*' depends on the value in the table for the heat of 
formation of dilute MOH solution. Numerals in this column, 
e.g.f' 3.65, not preceded by the abbreviation Tr., indicate the 
experimentally determined heat of solution, on which the value in 
Column 4 is based, e.^., 3.65 kj. Numerals in this column follow- 
ing the sign, Tr., e.g.^ Tr. 0.8, indicate the experimentally deter- 
mined heat of transition, e.g.^ 0.8 kj. Superscripts indicate the 
temperature at which the reaction was measure. 

Column 5. Liieraiure References . — References are to the 
original publication, except in the case of Thomsen, where values 
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are usually quoted from his book. Where the method used by 
the author is non-calorimetiric, e.g., temperature coefficient of 
EMF, etc., the reference is starred. If the reference contains 
values determined at other temperatures, it is followed by the 
symbol, If it contains valutas for the partial heat of solution or 
other “partial" thermal quantities, the reference is followed by 

the symbol, t • By partial thermal quantities is meant 

oN I 

where N\ is the concentration of the substance, 1, in any units, 
usually mole fractions. 

Computiitioxu 

To compute the heat of any proct^ss involving the disappearance 
of a substance or substances in the states given in the table and 
the appearance of other or the same substances in states given in 
the table: Add together the heats of formation of the products 
of the process in the final states and subtract therefrom the sum of 
the heats of formation of the reactants in their initial states. 
Thus: 

Heai of Reaction. — CaO (crys.) + HjO (liq.) « Ca(OH>i (crys.), 

AQ = QCa(OH), - [QCaO + QH,0] - 988 - [634.9 + 286.2] = 
66.9 kj. 

Heat of SolxUion. — If a direct experimental determination is 
available, it will be found in Column 3 io the form S.bfiJJo which 
indicates that the heat of solution of one g.f.w, of the substance 
in 400 moles of H*0 at 18® is 8.66 kj. WlSen the temperature or 
dilution is not indicated, the precise value is not given in the 
original, and the value is for “room temperature" and for a 
“dilute” solution. If the heat of solution is not directly given in 
Column 4 it may be found by writing the reaction and proceeding 
as with heats of reaction above. For example, to find the heat of 
solution of SrCl|.2HjO in 400 moles of water, write: SrClj.2HiO =* 
8rCl,(4oo) + 2H,0; AQ = 874.7 + 2 X 286.2 - 1438.4 = 8.7 kj. 

Heat of Dilviion. — The molal integral heat of dilution, i.e., the 
heat of diluting, with y moles of HiO, a solution of one g.f.w. of 
the substance in x moles of HjO is the excess of the heat of for- 
mation of 1 g.f.w. of the substance in the final solution over its 
heat of formation in the initial solution. Thus: The heat of 
diluting one mole of H1SO4 in 99 moles of water to one mole of 
H^04 in 799 moles of water is 871.6 — 867.8 = 3.8 kj. 

Heai of Transitxon. — If both forms of the substance can be 
obtained at 18® and one atmosphere, subtract the heat of formation 
of the final form from that of the initial form. For transitions 
which can be realised imder 1 atm. only at temperatures other 
than 18®, the heat of transition will be found in Column 3 after 
the abbreviation, Tr. For example, the heat of transition from 
Mn« to Mn^ ia given in the form Mua . . . Tr.; S.sy*® which 
means that 5.5 kj of heat is evolved when one gram-atomio 
weight of o-manganese changes to ^manganese at 1100®. 

Heate of lonvuUion. — The heat of formation of a completely 
ionised solution of a substance can be considered as the sum of the 
heats of formation of its ions. Therefore, if the heat of formation 
of a completely ionised solution ia known, and that of all but one 
of its ions is known the heat of formation of the other ion may be 
calculated. This method has been usedun calculating the heats of 
formation of ions given in the table, the heat of formation of H'*' 
being arbitrarily taken as sero. Conversely, knowing heats of 
formation of the ions, the heat of formation of a dilute solution of a 
strong electrolyte may be found by addition of the heats of form- 
ation of its ions; e.g., the heat of formation of (NH4)^Se04 <aq.) — 
9QNH^ + QSeO; - 2 X 132.7 + 613 - 878.4 kj. SimiUriy, the 
heat of ionisation of a weak electrolyte may be computed by 
summing the heats of formation of its ions and subtracting there- 
from its heat of formation; e.f., HfO — OH~ + H'*'; AQ — QOH~ 
+ QU* - QH,0 - 228.2 + 0 - 286.2 - -58.0 kj. 


ABBREVUTIONS, SIGNS AND FORMS 

Abbreviations 

amorp. Amorphous, crytocrystalline or ill defined solid state, 
aq* Dilute aqueous solution, 

c Macrocrystalline, 

coll. Colloidal gel or sol. 

Def. Standard state. 

dil. Depends upon a heat of dilution. 

dissoc. Depends upon a heat of dissociation. 

extrap. Extrapolated. 

gis. A glass or solid supercooled liquid. 

(ideal) In the condition indicated by the formula^ e.g., for 

N1O4 the word “(ideal)" in Column 2 indicates 
that the heat of formation is for a gas composed of 
Ns 04 molecules only, 
liq. Liquid, 

mix. Heat of mixing. 

N From heat of neutralisation. 

ppt. Precipitated or from heat of precipitation. 

sat. In saturated solution in HtO. 

Signs 

In thb Tablb 

• By indirect non-calorimetric methods. 

A By several different methods. 

In an infinite amount of HtO unless otherwise 
indicated. 

In thb LnxRATURE Rbferencb Column 

® By indirect non-calorimetric methods, 

t Includes determination or compilation of “partial" 

quantities. 

® Includes determinations at temperatures other than 

18®. 

Forms 

+Xt Deduced from heat of reaction with Xt. 

Tr.; 0.92^” The heat of transition to crystalline form “I ’ is 

0.92 kj at 427®. 


liq. 

mix. 

N 

ppt. 

sat. 




36thoo 

365ieoh 

365s:ou(im) 

365i4iKCN 


SUPEBSCRIPTS 

2000** A superscript indicates the temperature. 

SOBBCRIPTS 

36t(ioo The dilution of the fina l solution is 100 moles of H*0 

per gram-formula-weight of substance. 

365icob In a dilute KOH solution. 

365b;ou(im) The solvent is one mole KOH to 100 moles HiO. 
365 i41kcn The solvent is a solution containing 24 moles of KCN 

per mole solute. 

niustrative Examples 

— The information given in Columns 2 and 3 is equivalent 
to the following: “When two atomic weights (2.0154 g) of 
gen gas (H*) at 18® and 1 atm. react with one atomic wei^ 
(16.60 g) of oxygen gas at 18® and 1 atm. to produce one 
(18.6154 g) of Uquid H,0 at 18® and one atm., 286.2 kj of heat 
are evolved-." This is equivalent (see conversion factors giv» 
belo w) to 0.23895 X 286.2 - 68.39 kg-oali« and to 0.94823 X 

0.94 823 X 286.2 

286.2 — 270.4 BTU#*; it is also equivalent to igSlSi ^ 

463.59243 - 6831 BTU« per lb. of H/) produced or to 


0.94823 X 286.2 ^ 453 59423 * 7693 BTUm per lb- Oi consumed. 

• 1 A 

Ct ~. — The information given in Columns 2, 3 and 4 is equivw^^ 

At... r-vwmafiAn nf m. nomDletelv ionised 
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eolation containing one g.f.w. (35.458 g) of Cl~ and the equivalent 
amount of some positive ion a solution of Cl' + H'*' 

HCl«o) is the sum of the heat of formation of Cl", Q =■ 165.55, 
and of H'*‘, Q 0, which is Q » 165.55 kj." 

HsOt(so«)< — The information given in Ck)lumn 8 2 and 3 is 
equivalent to the following: **When two- gram-atomic> weights 
(2 X 1.0077 g) of hydrogen gas at 18® and 1 atm. react with two 
gram-atomic-weights (2 X 16.00 g) of oxygen gas at 18° and 1 
atm. and the product, 1 g.f.w. (34.0154 g) of HsOs, is dissolved in 
200 g.f.w. of H,0 (18.0154 X 200 = 3603.08 g), 188.2 kj of heat 
is given out.” The resulting solution contains 1 g.f.w. of HjOj in 
200 g.f.w. of HiO. The mole ratio of water in the solution is 
therefore 200, the mole ratio of HiO* is 0.005. The mole fraction 

of H,0, is ■ - = 0.004925; of H,0 is 2 ^^ = 0.995075. 

1000 


200 + 1 

The concentration in gi.w, HjOi per KXX) g water is 2 ^ ' 0154 

34.0154 X 100 


0.2775. The solution contains 


(200 X 18.0154) + 34.0154 

0.935 Wt. % of H,Oi. 

Explication 

Arrangement. — Type, voir Vol. HI, p. viii, 

Colonne 1. FormiUe . — La formule pr68ent4e dans’ la colonne 1 
identifie la substance dont la chaleur de formation par mol gr. 
(poids mol5c\ilaire en grammes) est indiqu4 dans la colonne 3. 
Les formes ou 4tats polymorphiques n^cessitant une description 
plus ample que celle donn5e dans la colonne 2 sent indiqu^s par des 
signes arbitraires entre parenth^s, par exemple au moyen de 
lettres grecques, de chifFres romains ou de phrases descrjptivee. 

formes polymorphiques sont de plus identifi4es dans la colonne 
4 par la temperature de transition inscrites apr^s I’abrdvialion Tr. 

Colonne 2 . &tat physique. — L’5tat physique auquel la chaleur 
de formation se rapporte est indiqu5 pour chaque substance dsns 
la colonne 2. Voir la liste dee abr4viatione ci-dessous. Tous les 
4tat8 sont consid6r58 sous 1 atm. et 18°C, & moins d'une anno- 
tation inscrite dans la colonne 3. Les chiffres et fonnules de la 
colonne 2 indiquent que la substance est en solution, une mol gr. 
4tant dissoute dans X mol gr. du dissolvant. Dans le cas oil le 
dissolvant n'est pas d5fini explicitement, il e'agit de Teau. Lorsque 
le dissolvant est donn4 mais que la concentration n’est pas 5 tablie, 
la solution eat *‘dilu 6 e.” Ainsi 200 =» ”1 mol gr. de la substance 
(colonne 2) dissoute dans 200 X 18 g H,0;” 200c,H|Oh = “1 mol 
gr. de la substance dissoute dans 200 X 46,0 g C 2 HiOH; CSt “ 

1 mol gr. de la substance dissoute dans une grande quantity de 
CS.,” etc. 

Colonne 3. Chaleur de formation . — ^Les valeurs consignees dans 
la 35me colonne sont le nombre de kilojoules, kj (absolu) de 
chaleur degag^e lorsqu’une- mol gr. de la substance (indiquee dans 
la colonne 1 ) sous I’etat donn 6 dans la colonne 2 est produite A 
partir de sea elements sous leur etat type, h 18° et 1 atm. Con- 
formement h la definition donnee ci-dessus, la chaleur de formation 
d un element se trouvant dans son etat type est egale A zero. 
L'etat type de chaque element peut etre fixe par ce fait et par 
1 abreviation Def. dans la colonne 3, en regard de la formule de 
element. Les chaleun de formation des ions sont basees sur la 
valeur arbitraire. 0 , pour et sont pour les solutions diluees 
d electrolytes compUtement ionises. 

Precision. Toutes les valeurs consignees dans ces tables ont 
ete recalcuiees k partir des donnees experimentales originales, en 
Se servant de valeurs compatibles pour toutes les quantitees 
Bubaiduires. Les chaleurs de reaction et de dUution peuvent 
done etre calcul 6 ee par difference avec une precision aussi grande 
que posable. L’estimation de la precision est indiqu 6 par un 
certam nombre de chiffres significatifs. Cette precision n'est 
pas la precision absolue, mais U precision de U reaction parti- 
culiere utiliaee pour calculer le chiffre donne (coir colonne 4 ). 


La precision absolue eerait moindre que celle de la determination 
la moins precise dans la serie totale dee reactions utilisccH pour 
calculer la chaleur de formation k partir des elements. 

Colonne 4. MHhode. — Dans la colonne 4, on s’est efforce 
d’indiquer d’une maniere generale les reactions qui ont ete 
employees pour le calcul des valeurs donnees. Voir la liste des 
abreviations ci-dessous. Dans cette colonne, les formulos, par 
exemple MOH, indiquent que la chaleur de formation de M"*" 
depend de la valeur dans les tables de la chaleur de formation de 
solutions diluees de MOH. Les chiffres se trouvant dans cette 
colonne, par ex. 3,65, non precedes de I'abreviation Tr., indiquent 
la chaleur de dissolution determineeexperimentalement, surlaquelle 
est basee la valeur indiquee dans la colonne 4, par ex. 3,65 kj. Si 
les chiffres de cette colonne suivent le signe Tr., par ex. Tr. 0,8, cela 
indique que la chaleur de transition determinee experimentalement 
est par ex. 0,8 kj. Des annotations indiquent la temperature k 
laquelle la reaction a ete mesuree. 

Colonne 5. References bibliographiques. — Les references se 
rapFHDrtent k la publication originale, except^ dans le cas de 
Thomsen oil les valeurs sont ordinairement tirdes de son livre. 
Dans le cas od la methods employee par Tauteur n’est pas calori- 
metrique, par ex. coefficient de temperature de F.E.M., etc., la 
reference est munie d’un asterisque. Si la reference contient des 
valeurs determinees k d'autres temperatures, elle est suivie du 
signe, °. Si elle contient des valeurs concemant la chaleur partielle 
de dissolution, ou autres quantites thermiques “partielles” 
la reference est suivie du signe, f. On entend par quantity 

thermique partielle le rapport oil N est la concentration de la 

substance, 1, en unites quelconques, ordinairement des fractions 
de molecules. 

Calculs 

Pour calculer la tonalite thermique d'un processus entrainant la 
disparition d’une ou de plusieurs substances sous les etats donnes 
par les tables, et I’apparition d'autres ou des memes substances 
sous des etats donnes dans les tables: additionner les chaleurs de 
formation des corps produits par le processus dans les etats 
finaux, et soustraire de ce nombre la.somme des chaleurs de 
formation des substances reagissantes prises dans leurs etats 
initiaux. Ainsi: 

Chaleur de riaction^ ou UmaliU thermique de la reaction. — CaO 
(crist.) -h HjOdiq.) « Ca(OH)t(cri8t.), AQ = QCa(OH), - [QCaO 
+ QH2O] - 988 - (634,9 + 286,2) = 66,9 kj. 

Chaleur de dissoluiion. — Si une determination experimentalo 
directe est disponible, elle se trouvera dans la 3eme colonne sous la 
forme 8, 664^5, qui indique que la chaleur de dissolution d’une mol 
gr. de substance dans 400 mol gr. d’HjO k 18° est de 8,66 kj. Si la 
temperature ou la dilution n’est pas indiquee, la valeur precise 
n’a pas ete donnee dans Toriginal et la valeur est k considerer pour 
la “temperature ambiante” et pour une solution “dilu6e.” Si la 
chaleur de dissolution n’est pas directement donnee Hnna la 
colonne 4, elle peut etre trouv6e en ecrivant la reaction et ea 
procedant au calcul coznme avec les chaleurs de reaction ci-dessus. 
Par ex., pour trouver la chaleur de dissolution de SrCl*.2H,0 
400 mol d’eau, U faut ecrire SrClj.2H20 = SrCli/4oo)-|- 2H,0* 
AQ = 874,7 + 2 X 286,2 - 1438,4 * 8,7 kj. 

Chaleur de dilvium.—\js, chaleur moieculaire iutegrale de dilution 
c.&.d. la chaleur obtenue en diluant avec y mol d’H20 une 
solution d'une mol gr. de la substance dans x mol d'H26, est 
I'exces de la chaleur de formation d’une mol gr, de la eubstonce 
^ns la solution finale sur sa chaleur de formation dans la solution 
initiale. Ainsi: la chaleur de dilution d’une mol d’HjSOi dans 

99 mol d’eau, port6e k une mol d'H*S04 dans 799 mol d'eau est 
5gale k 871,6 - 867,8 - 3,8 kj. 

Chaleur de transition. — Si les deux formes de la substance 
peuvent 5tre obteuues k 18° et sous une atmosphere, il faut 


I 


f 


1 


172 


INTERNATIONAL CRITICAL TABLES 


soustraire la chaleur de fonnation dc la forme finale de celle de la 
forme initiale. Dans lo cas de transitions qui ne peuvent dtre 
r<5alis6cs sous une atmosphere qu’^i des terapdratures differentes 
de 18°, la chaleur de transition se trouvera dans la colonne 3 
apres Vabr^viation Tr. Par ex. la chaleur de transition de Mn^ 
h Mn^ est donn^e sous la forme Mn^ ... Tr.; 5,5^'®®, qui 
signifie que 5,5 kj de chaleur sent d6gag6s lorsqu’un atome gramme 
de oc-manganese se transforme en /3-manganese k 1100°. 

Chaleurs d ionisation . — La chaleur de formation d’une solution 
compietement ionis^e d’une substance donnee peut etre consideree 
comme la somme des chaleurs de fonnation de ses ions. C'est 
pourquoi, si Ton connait la chaleur de formation d’une solution 
compietement ionisee et celles de tous ses ions sauf un, la chaleur 
de formation de ce dernier ion peut etre calcul(5e. Cette m^thode 
a ete utilisee pour calculcr les chaleurs de formation des ions 
donn^es dans la table, la chaleur de formation de H+ 6ta.nt arbi- 
trairement prise comme z6to. Inversement, connaissant les 
chaleurs de formation des ions, on peut trouver la chaleur de 
formation d’une solution dilute d'un electrolyte fort, par addition 
des chaleurs de formation de ses ions; par ex., la chaleur de forma- 
tion de^ (NHOiSeO^Caq.) = 2QNHt d- QSeO: = 2 X 132,7 + 

613 = 878,4kj. D’une fa^on analogue, la chaleur d’ionisation d’un 

electrolyte faible peut ^tre calcuMe en totalisant les chaleurs de 
formation de ses ions et en soustrayant du r68ultat sa chaleur de 
formation; par ex., lUO = OH' -f- H+; AQ = gOH" + - 

CHiO = 228,2 -I- 0 - 286,2 = -58,0 kj. 

ABRfeVIATIONS, SIGNES, FORMES 

Tibreviations 

Amorphe, <5tat cr>'ptocristallin, ou dtat solide mal 
d^fiiii. 

Solution aqueuse dilute. 

Macrocristallin. 

Gel ou sol colloidal, 
fitat type. 

Depend d’une chaleur dc dilution. 

Ddpend d’une chaleur de dissociation. 

Extrapol^. 

Un verre ou un solide provenant d’un liquide 
surfondu. 

Dans la condition indiqu^e par la formula, par ex., 
pour NiO* le mot “(ideal)” dans la colonne 2 
indique que la chaleur de formation est celle pour 

un gaz compost seulement de molecules de NjOi. 
Liquide. 

Chaleur de melange. 

De la chaleur de neutralisation. 

Pr6cipit6 ou dc la chaleur de precipitation, 

En solution saturde dans I’HjO. 

Signes dans la table 

Par m^thodes indirectes non calorim^triques. 

Par plusieurs mdthodes diff^rentes. 

Dans une quantity infinie d’HiO ^ moins d’une autre 
indication. 

SlONES DANS LA COLONNE DES ReF. BIBL. 

Par m^thodes indirectes non calorim^triques. 
Comprend la determination ou la compilation de 
quantity “partielles.” 

Comprend des determinations k des temperatures 
diff^rentes de 18°. 


amorp. 

aq. 

c 

Coll. 

Def. 

dil. 

dissoc. 

extrap. 

gls. 

(ideal) 


liq. 

mix. 

N 

ppt. 

sat. 


& 


0 

t 


-px* 

Tr.; o.92;;{ 


Formes 

D^duit de la chaleur de reaction avec Xj. 

La chaleur de transition dans la forme cristalline I 
est 0,92 kj k 427°. 


2600« 


365 


100 


365koh 
365koc (100) 


365 


U KCN 


Exposantb ainsi 

Un exposant indique la temp4rature. 

Indices 

La dilution de la solution finale est de 100 mol HtO 
par mol gr. de substance. 

Dans une solution dilute de KOH. 

Le solvant est constitu^ par une mol KOH dans 100 
mol HiO. 

Le solvant est conetitu6 par une solution contenant 
24 mol de KCN par mol de corps dissout. 


Exemples ExpUcatifs 

iO. — L’information donnee dans les colonnes 2 et I'A est 4qui- 
valente k ce qui suit: '‘Lorsque 2 atomes gr. (2,0164 g) du gai 
hydrog^ne (Hj) k 18° et sous 1 atm. r^agissent avec un atome gr. 
(16,00 g) d’oxygSne k 18° et sous 1 atm. pour produire une 
mol gr. (18,0154 g) d’H20 liquide ^ 18° et une atm., il y a d^;age- 
ment de 286,2 kj de chaleur.” Ceci est Equivalent (voir les 
facteurs de conversion donnEs ci-dessous) k 0,23896 X 286,2 *» 
68,39 kg-cali6, etc, 

- L’information donnEe dans lea colonnes 2, 3 et 4 est 
Equivalente k ce qui suit; “La chaleur de formation d'une solution 
complEtement ionisEe contenant une mol gr. (35,458 g) de Cl“ 
et la quantitE Equivalente d’un ion positif (par ex. une solution de 
Cl" -|- H'*' = HCloo) est Egale k la somme de la chaleur de for- 
mation deCl", Q = 165,55ctdeH^ Q = 0, qui est Q == 165,65kj.’' 

I7jOi(joo). — L’information donnEe dans les colonnes 2 et 3 est 
Equivalente i ce qui suit; “Lorsque 2 atomes grammes (2 X 
1,0077 g) du gaz hydrogEne k 18° et sous 1 atm. rEagissent avec 
2 atomes gr. (2 X 16,00 g) du gaz oxygEne k 18° et sous latm.et 
que le produit 1 mol gr. (34,0154 g) d’lLOi, est dissout dans 200 
mol gr. d’HjO (18,0154 X 200 = 3603,08 g), il y a dEgagement 
de 188,2 kj de chaleur.” La solution rEsultante contient une mol 
gr. H 203 dans 200 mol gr. d'HjO. Le rapport molEcuIaire de I'eau 
dans la solution est ainsi de 200, le rapport molEculaire de HfOi 

est 0,005. La fraction molEculaire de HjOj est ^ “ 0,004- 


925; celle de HjO est 


200 


= 0,995075. I>a concentration en 


» 


200 + 1 

mol gr. H.O, par 1000 g d'eau eat de goo x 18,0 164 


1000 


0,2776. 


La solution contient 
cent poids de HjOj. 


34,0154X100 


(200 X 18,0154) -f 34,0154 


0,935 pour- 


ERKLARUNG 


Anordnunp.— Standard, siehe Bd. Ill, S. viii. 

Reihe 1. Formel . — Die Formel, welche in der ersten Reihe 
erscheint, bezcichnet den Stoff dessen BildungswAnne per 1 G.F.O* 
(Gramm-Formel-Gewicht) in der Reihe 3 erscheint. Polymorphe 
Formen, oder Zust&nde, die eine besondere Beschreibung erfor- 
dem, als die, welche in der Reihe 2 angegeben ist, sind durch 
willkUrlich gewAhlte Zeichen in Klammem angefUhrt, z.B. durch 
gnechische Buchstaben, rfimische Zahlen, oder Bemerkungen. 
Die polymorphen Formen sind weiter durch die Umwandlun^ 
temperatur gekennzeichnet, welche in der Reihe 4 als hinauf- 
gesetzter Index zu Tr. angegeben ist. 

Reihe 2, Physikaliacher Zustand . — Ftir jeden Stoff ist der 
physikalische Zustand, auf den sich die Bildungswftrme bezieht, in 
der Reihe 2 angegeben. Abktirzungen eiehe unten. Alle Zu- 
stande gelten fiir 1 Atmosph&re und 18°C, wenn nicht durch hinauf- 
gesetzte Zeichen in der Reihe 3 etwas anderes angegeben ist. 
Zahlen oder Formeln in der Reihe 2 bedeuten, dass der Stoff in 
Ldeung sich befindet: es ist 1 G.F.G. gelOst in X G.F.G. des 
Ldsungsmittels. Wasser ist das LOsungsmittel dorten, wo nichts 
besonderes bezeichnet ist. Ist das LOsungsmittel gegeben, aber 
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di© Konsentration nicht festgestellt, so ist die Losung “ verdunnt.” 
Z.B. 200 = “1 G.F.G, von dem Stoffe (Reihe 2) ist gelost in 
200 X 18 g HjO;" 200ciH,oa =* “1 G.F.G. des Stoffes gelost 
in 200 X 46 g CjHtOH;” CS* = “1 G.F.G. des Stoffes gelost in 
einer grossen Menge CSi;” u.s.w. 

Reihe 3. BildungatDdrme. — Die Zahlen in der Reihe 3 bedeuten 
Eilojoule^ kj (abeolut), als diejenige Warmemenge, welche erU- 
wickeli wird, wenn 1 G.F.G. des Stoffes (in der Reihe 1 angegeben) 
in dem in der Reihe 2 angegebenen physikalischen Zustand, aus 
dem im Normalzustand befindlichen Elementen bei 18®C und bei 
1 Atmosphare, entsteht. Entsprechend des gegebenen Definition, 
ist die Bildungswaxme eines Elementes im Normalzustande Null. 
Der Normalzustand irgend eines Elementes kann so gefunden 
werden und auch durch die Abktirzung “Def." in der Reihe 3, 
gegentiber dem Zeichen des Elementes. Die Bildungswarmen 
von lonen griinden sich auf der Basis, dass fUr H'*’, willktirlich 
Null gesetzt wird, sie gelten ftlr verdiinnte Loeungen vollstandig 
ionisierter Eiektrolyte. 

Oenauigkeii. — Alle in dieser Tabelle angegebenen Werte, wurden 
nach dem im Original befindlichen experimentellen Daten neu 
gerechnet, indem festgelegte Werte ftir alle Hilfagrossen beniitzt 
wurden. Die Reaktions- und VerdUnnungs-Warmen konnen 
also durch Differenzen berechnet werden, deren Genauigkeit so 
weit als bekannt geht. Die geschatzte Genauigkeit ist durch die 
Anzahl der gross geschriebenen Zahlen ausgedriickt. Diese 
Genauigkeit ist nicht die absolute Genauigkeit, aber die Genauig- 
keit der Teilreaktion die verwendet worden ist, um die der 
angegebenen Zahl zu berechnen (siehe Reihe 4). Die absolute 
Genauigkeit wird kleiner sein, als die wenigst genaue Bestimmung 
in der gesamten Kette der Reaktionen, die gebraucht worden 
Bind, um die Bildungsw&rmen aus den P^ltmenten zu berechnen. 

Reihe 4. Methode. — In dieser Reihe ist ein Versuch gemacht 
worden, in einer allgemeinen Weiee die Reaktionen zu verzeichnen, 
die bei der Berechnung der angegebenen Werte verwendet worden 
sind. AbkUrzungen siehe unten. Formeln in dieser Reihe, z.B. 
MOH, zeigen an, dass die Bildungswarme von M'*' von den in der 
Tafel Angaben der Bildungsw^me der verdlinnten Ldsung von 
MOH abhiingt. Zahlen, z.B. 3,65, in dieser Reihe, welchen nicht 
ein Tr. vorausgeht, geben die experimentell bestimrate Liosungs- 
wftrme an, auf Grund derer die Zahl in der Reihe 3 ruht. In 
diesem Zusammenhang bedeutet die Zahl 3,65, dass die experi- 
mentell bestimmte Ldsungsw&rme 3,65 kj betr^t. Zahlen in 
dieser Reihe, welche Tr. folgen, z.B. Tr. 0,8, bedeuten die 
experimentell bestimmte Umwandlungswarme in kj, (0,8 kj). 
Hinaufgesetzte Indize.s bedeuten die Temperatur bei welcher die 
Reaktion gemessen worden ist. 

Reihe 5. Liieratur-Verzeichnia. — Die Hinweise beziehen sich 
immer auf die Originalarbeit, ausser im Falle von Thomsen, wo 
gewfihnlich die Werte aus seinem Buche genannt werden. Sind 
vom Author nicht-calorimetrische Methoden angewendet worden 
z.B. Temperaturkoeffizient der elektromotorischen Kraft, u.s.w., 
BO ist die Literaturangabe mit einem Stem versehen; enthalt sie 
Werte die bei einer anderen Temperatur bestimmt worden sind, so 
erh&lt sie das 2ieichen, *, oder enthalt sie partielle Ldsungsw&rmen 
oder andere “partielle” Werte einer thermischen Grdsse, wird sie 
mit dem Zeichen, t» versehen. Unter partielle thermische Grdesen 

versteht man den Ausdruck in welchem Ni die Konzen- 

tration des Stoffes 1 in irgend einer Einheit, gewohnlich in Mol- 
brQchen, bedeutet. , 

Berechnungen 

Die Wfirmetdnung ii^end eines Prozeeses, der das Verschwinden 
eines Stoffes oder mehrerer, von einem in der Tabelle angegebenen 
Zustand und das Auftreten anderen Stoffen, oder denselben Stoffe, 
in einem Zustande der in der Tabelle angegeben, zur Folge hat, 
beetimmt man, wie folgt: Man addiere die Bildungswarmen der 


Reaktionsprodukte des Prozesses in dem Endzustand zusarnmen 
und subtrahiert davon die Summe der Bildungswarmen der 
Ausgangsprodukte in ihren Ausgangszustanden, z.B. 

Reakiionswdrme. — CaO (krist.) + HjO (fliiss.) = CafOIIya 
(krist.), AQ - <?Ca(OH)* - [QCaO 4- QH^OJ = 988 - [634,9 + 
286,2] = 66,9 kj. 

LosungswArme . — Ist eine direkte experimentelle Bestimmung 
vorhanden, findet man in der Reihe 3 die Form das 

bedeutet, die Losungswarrae fiir 1 G.F.G. dea Stoffes in 400 Molen 
Wasser bei 18°C ist 8,66 kj. Ist die Temperatur oder die Ver- 
dunnung nicht angegeben, so ist der genaue Wert nicht im Original 
zu finden, der Wert gilt dann fur “Zimraertemperatur ” und eine 
“verdunnte” Losung. Ist die Losungswarme nicht direkt in der 
Reihe 4 angegeben, so kann man sie finden, wenn man die Reak- 
tion niederschreibt und dann so vorgeht, wie oben, bei der Bestira- 
mung der Reaktionswarmen. Um z.B. die Losungswarme von 
SrCli.2H20 in 400 Molen Wasser zu finden, schreibe man, SrClj.- 
2H,0 = SrCli(400) + 2 H 2 O; AQ = 874,7 + 2 X 286,2 - 1438,4 = 
8,7 kj. 

Verdunnungewdrme . — Die molare integrale Verdtinnungswarme 
ist die Warme, welche bei der VerdUnnung mit y Molen Wasser, 
einer Losung von 1 G.F.G. des Stoffes in x Molen Wasser, ent- 
steht. Sie ist der Uberschuss der Bildungswarme die entsteht, 
wenn 1 G.F.G. des Stoffes zur Endkonzentration gelost wird, 
gegen die Bildungswarme bei der Herstellung der Anfangakon- 
zentration. Z.B. die VerdUnnungswarme eines Moles naS 04 
in 99 Molen Wasser zu 1 Mol H2SO4 in 799 Molen Wasser ist 
871,6 - 867,8 = 3,8 kj. 

Umwandlungswdrme . — Konnen beide Formon des Stoffes bei 
18®C und 1 Atmosphare erhalten werden, subtrahiere man die 
Bildungswarme der Endform von der der Anfangsform. F\ir 
Umwandlungen, die bei 1 Atmosphare nur bei einer von 18®C 
verschiedener Temperatur beobachtet werden konnen, kann man 
die Umwandlungsw^me in der Reihe 3 nach der AbkQrzung Tr. 
finden. Z.B. ist die Umwandlungswarme von MUa, zu Mn^ durch 


die Form Ma . . . Tr.; 5,5^ gegeben, das bedeutet, bei 


1100®C, wenn die Umwandlung von 1 Grammatom a-Mangan in 
/3-Mangan vor sich geht, werden 5,5 kj entwickelt. 

I oniaalionawArmen, — Die Bildungswarme einer voUstfindig io- 
nisierten Losung eines Stoffes kann betrachtet werden, als die 
Summe der Bildungswarmen seiner lonen. Deshalb, kennt man 
die Bildungsw^me einer vollstandig ionisierten Losung und ist 
die Bildungswarme aller lonen bis auf eines bekannt, so kann die 
Bildungsw^me des anderen Ions berechnet werden. Diese 
Methode ist verwendet worden um die, in der Tabelle angege- 
benen, Bildungswarmen fur die lonen zu berechnen. Die Bildungs- 
warme fiir das Wasserstoff-Ion H'*’ wurde willkurlich Null gesetzt.* 
Umgekehrt, kennt man die Bildungswarmen der lonen, kann man 
die Bildungswarmen der verdlinnten LSsung eines starken Elek- 
trolyten durch Addition der Bildungswarmen seiner lonen finden. 
Ee ist z.B. die Bildungswarme von (NH 4 )tSe 04 (aq.) = 2QNHJ + 
QSeO" = 2 X 132,7 + 613 = 878,4 kj. Ahnlich, kann man die 
lonisationsw^me eines schwachen Elektrolyten berechnen, in- 
dem man von der Summe der lonisationswarmen seiner lonen, 
die Bildungswarmen desselben subtrahiert. Z.B. HjO = OH“ -|- 
H+; AQ = QOH- 4 QH+ - QHiO = 228,2 4 0 - 286,2 = 
-58,0 kj. 

ABKXiRZUWGEN, ZEICHEN UND FORMEN 

Abkilrzungen 


amorp. 

Amorph, kryptokristallinisch 
erter Zustand. 

aq. 

Verdtinnte wassrige Losung. 

c 

Makrokristallin. 

coll. 

Kolloidalea Gel oder Sol. 

Def. - 

Normalzustand. 






4 

4 

I 
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flil, 

dissoc. 

».;Xtrftp. 

gls. 

(ideal) 


iiq. 

mix. 

N 

ppt. 

eat. 


A 


t 


O 


Hangt von einer Vcrdunn'ingswarme ab. 

Hangt von einer Dissoziationsw^me ab. 
Extrapoliert. 

Kin Glas oder cine feste 'jnterkuhlte FUjssigkeit. 

Betnfft die Bedir.guiigen, welche die Kormel aus- 

driickt, z.h. fur N2O4 bedcutet das Wort “(ideal)” 

in der Rciho 2, dass die Bildungswarme fiir ein 

Gas gilt, welches nur aiis N204 Molekein bestcht. 
Fliissig. 

Mischungswarme. 

Von der Neutralisationswarme. 

Niedergeschlagen, oder von der Niederschlagswarme. 
In wassriger gesattigter Losung. 

Zeichen 

In der Tafel 

Dnrch eine indirekte nicht kalorimetrische Methodc. 
Dufch mehrore vcrschiedene Methoden. 

In leiner unendlich grosson Menge Wasser, wcnn 
nichts anderes angegebcn. 

In der Reihe der Literaturanoabe 
Durch eine indirekte nicht kalorimetrische Methode. 
Enthalt Messungen oder Sammiungcn von ” partielle ” 

Grosser. 

Enthalt Hossungcn bei einer von 18®C verschicdenen 
Tempcranir. 


Fonnen 

+ Xi Abgeleitet von' Reaktionswarme mit Xj. 

Tr. ;0,92Vi’ Die Umwandlungswarme zur Rj^istallf orm , I, ist 

0,92 kj bei 4?7°C 

Hinaufoesetzter Index 
2600^^ Der Tndex bedeutet die Temperatur, 

H1NUNTEROE8ETZTER Index 

365ioo Der Index bedeutet, dass die Verdunnung der Endlo- 

sungf ist 100 Mole Wasser auf 1 G.F.G. des Stoffes. 
365 koii In einer verdUnnten KOH-Lheung. 

365koh(ioo) Das Losungsmittel ist 1 Mol KOH auf 100 Mole 

Wasser. 

366n KCN Das Losungsmittel ist eine Ldsung, welche 24 Mole 

von KCN pro 1 Mol des gelosten Stoffes enthalt. 

Beispiele 

HiO. Die in der Heihe 2 und 3 gegebenen Daten entsprechen 
dem folgendem: “Wenn 2 Grammatome, (2,0154 g) Wasser- 
stoffgas (H,), bei 18°C und 1 Atmosphere mit 1 Grammatom 
(16 g) Saueretoff (O), bei 18«C und 1 Atraosphare, miteinander 
re^eren und dabei 1 G.F.G. 9(issiges Wasser (18,0154 g) bei 
18°C und 1 Atmosphare geben, so wcrden 286,2 kj Warme ent- 
wickelt.” Das ist aqiiivalent (siehe die unten angegebenen 
Umrccbnungsfaktoren) 0,23895 X 286,2 = 68,39 kg^ialu, u.s.w. 

Daten, welche in der Reihe 2 und 3 gegebcn Bind 
entaprechen dem folgendem : “Die Bildungswarme einer vollstandig 
lonisierten LOsung, die 1 G.F.G. von Cl* enthalt (35,458 g) und 
^ gleiche Menge eines poeitiven Ions (z.B. eine Losung von 
^ + H+ = HC1„), ist die Summe der Bildungswarmen von 
V = 165,55, und von H+ <? = 0, zusammen also 166,55 kj.” 
«.O,(» 0 ).— Die Daten, welche in der Reihe 2 und 3 gegeben 
Bind, entsprechen dem folgendem: “Wenn 2 Grammatome (2 X 
1,0077 g) Wasserstoffgaa bei 18°C und 1 Atmoephare mit 2 
Grammatomen (2 X 16 g) Sauerstoffgas von 18°C und 1 Atmo- 
sphare, reagieren und das Reaktionsprodukt 1 G.F.G. (34,0154 
g) HtOi geldst in 200 G.F.G. von HiO (18,0154 X 200 ~ 3603 08 
g) ist. so werden 188.2 kj als Reaktionswarme frei.” Die aich 
ergcbende Lfisung enthalt 1 G.F.G. von H,0, in 200 G.F.G. 
Wasser. Das Molenverhaltnis des Wassers ist also in der L6eung 
200, das MolenverhaltnU des H,0, ist 0,006. Der Molenbnich fQr 


H,0, ist 2ooVl 0-004925; fOr H,0 = 0,995075. Die 

Konzentration in G.F.G. HjOj pro ICOO g Wasser ist 


Die Losung enthalt 
prozent auf Ha 02 . 


1000 

200X18,0154 “ ^’2775. 
34,0154 X 100 


(200 X 18,0154) +34,0164 


0,936 GewichtS' 


SPIEGAZIONE 

Di.tpomione.— Standard, vedi Vol. Ill, p. viii. 

Colonna 1. Formula. — Le formule contenute nella colonna 1 
indicano le sostanze di cui nella colonna 3 sono riportati i calori di 
formazione per p.f.g. (peso in grammi corrispondente alia formula). 
Le forme polimorfiche o gli stati i quali richiedono per essere 
definiti indicazioni piil ampie di quelle riportate nella colonna 2 
sono indicati con segni arbitrari tra parentesi, p.e. con lettere 
greche, numeri romani, o altri qualificativi. Le forme polimorfiche 
sono inoltre indicate con la temperatura di trasformazione che 6 
riportata nella colonn^ 4 dopo I’abbreviazione Tr, 

Colonna 2. Stato fisico. — Per ogni sostanza, lo stato fisico al 
quale si riferisce il calore di formazione 6 indicato nella colonna 2. 
Vedi pid oltre la lista delle abbreviazioni. Tutti gli stati, quando 
non 6 diversamente indicato nella colonna 3, sono considerati alia 
preasione di 1 atmosfera e alia temperatura di 18®C. Le formule 
nella colonna 2 indicano che la sostanza d in soluzione e che un 
p.f.g. 6 disciolto in X p.f.g, di solvente. Dove il solvente non 6 
indicato, si intende che si tratta dcll’acqua. Dove h indicato il 
solvente, ma non la concentrazione, s'intende che si tratta di 
soluzione diluita. Cos! 200 = ”1 p.f.g. della sostanza (della col. 
1) disciolta in 200 X 18 g di HjO;” 200c, h^h = “1 p.f.g. della 
sostanza disciolU in 200 X 46,0 g di CJIsOH;” CSi = "1 p.f.g. 
della sostanza disciolta in una grande quantity di CSj, ” etc. 

Colonna 3. Calore di formazione. — I valori della colonna 3 sono 
in numero di kilojoules, kj (assoluti) di calore evoUi quando un p.f.g. 
della sostanza (che figura nella colonna 1 e nello stato indicati 
nella colonna 2) si forma dagli elementi considerati nelle condi- 
zioni normali alia temperatura di 18® e alia pressione di 1 atm. 
Secondo la definizione data sopra il calore di formazione di un 
elemento nel suo stato normale ^ 0. Lo stato nonnale di un 
elemento qualsiaai pud essere riconosciuto da questo fatto e dall’ 
abbreviazione "Def.” nella colonna 3 in corrispondenza del 
simbolo dell’elemento. I calori di formazipne degli joni sono 
rif^riti al valore arbitrario 0 per H"*" e si riferiscono a soluzioni 
diluite di elettroliti completamente jonizzati, *■ • 

Precisione. — Tutti i valori riportati in queeta tabella sono stati 
ricalcolati dai dati original! sperimentali usando valori ben 
vagliati per tutte le quantity sussidiarie. I calori di reazione e di 
diluizione possono quindi essere calcolati per differenza con 
I'accuratezza maggiore che d poesibile. La precisione che si pud 
raggiungere 6 indicata dal numero delle cifre significative. Quests 
precisione non d quella assoluta; ma la precisione della particolare 
reazione usata per calcolare il valore adottato (v. colonna 4). 1^ 
precisione assoluta d inferiofe a quella della determinazione meno 
acciu'ata nella serie di reazioni utilizzata per il calcolo del calore 
di formazione a partire dagli element!. 

Colonna 4. Metodo. — Nella colonna 4 si d fatto il tentative di 
indicare in una maniera generals le reazioni utilizzate per il calc<rfo 
dei valori riportati, Vedi la lista delle abbreviazioni pid oltre. 

formule di quests colonna per ee. MOH, indicano che il 
calore di formazione di M*** dipende dal valore che nella tabella d 
riportato per il calore di formazione della soluzione diluita di 
M.OH. cihe di quests colonna, p. e. 3,66; quando non sono 
precedute dall 'abbreviazione Tr., indicano il valore* sperimentale 
del calore di soluzione sul quale d basato il valore della colonna 4, 
p.e. 3,66 kj. I numeri di queeta colonna preoeduti da Tr., per es. 
Tr. 0,8: indicano il calore di trasformazione determinato speri- 
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mentalmente, per ee. 0,8 kj. I numeri scritti sopra indicano le 
temperature alle quali le reazioni sono state misurate. 

CoUmna 6. Leileraiura . — ^La citazione si riferisoe alia pubbli- 
cazione originale; solo i valori del Thomsen sono generalmente 
presi dal suo libro. Quando il metodo usato dall’autore non 6 
quello calorimetrico (come per es. qxiando.il valore 6 dedotto dal 
coefficiente di temperatura della F.E.M., etc.) la citazione 6 
munita di asterisco. Se la citazione contiene valori determinati 
ad altre temperature, d seguita dal simbolo, '’j e se contiene valori 
per il calore parziale di soluzione o altre quantitii termiche ‘*par- 
ziali,” la citazione ^ seguita dal simbolo, t- P®*" quantit^^ termiche 

parziali si intendono i valori dove Ni concentrazione della 

sostanza, 1, in qualsiasi unit^ generalmente frazioni di 
gram m imolecole. 

Calcolo 

Per calcolare il calore di qualsiasi processo che impUca la 
scomparsa di una o piu sostanze negli stati indicati nella tabella, 
e la comparsa di altre o delle stesse sostanze negli stati indicati 
nella tabella, si sommano i calori di formazione dei prodotti 
hnali e dalla somm’a si sottraggono i calori di formazione delle 
sostanze reagenti nei loro stati iniziali. Per esempio: 

Calore di rea^ione. — CaO (crist.) -h HjO (Uq.) = Ca(OH)t 
(Crist.), AQ = QCa(OH), - IQCaO + QH^] = 988 - [634,9 + 
286,2] = 66,9 kj. 

Calore di soliuione. — Se eaiste un valore sperimentale, lo si 
trova nella colonna 3 sotto la forma 8,66i5o la quale indica che il 
calore di soluzione di un p.f.g. della sostanza in 400 moli di HjO 
a 18® 6 8,66 kj. Se la temperatura o la diluizione non sono 
indicate, vuol dire che non lo sono nel lavoro originale, ed i valori 
si riferiscono alia temperatura ambiente e a soluzioni diluite. 
Se il calore di soluzione non h direttamente indicato nella colonna 
4, lo si pu6 stabilire scrivendo la reazione e procedendo nel calcolo 
come b indicato sopra per i calori di reazione. Per es., si supponga 
di voler calcolare il valore di soluzione di SrClj.2H*0 in 400 moli 
di acqua; allora si ha: SrCli.2HiO = SrCl*(4oo) + 2H*0; aQ = 
874,7 + 2 X 286,2 - 1438,4 « 8,7 kj. 

Calore di diluizione. — Il calore molecolare integrale di diluizione 
(e cio^ il calore che si ha nel diluire con y moli di H *0 una soluzione 
di un p.f.g. della sostanza in x moli di HjO), b la differenza tra 
il calore di formazione di un p.f.g. della sostanza nella soluzione 
finale e quello nella soluzione iniziale. Per es. il calore che si ha 
dilueudo una soluzione di una mole di H1SO4 in 99 moli di acqua 
fino a raggiungere la concentrazione di una mole di H3SO4 in 799 
moli di acqua b 871,6 — 867,8 « 3,8 kj. 

Calore di trasformazione. — Se tutte le due forme della sostanza 
poesono ottenersi a 18® e alia pressione di 1 atmosfera, si sottrae 
il calore di formazione della forma finale da quello della forma 
iniziale. Per le trasformazioni che possono effettuarsi al di sotto 
di 1 atm. soltanto a temperature diverse da 18®, il calore di tras- 
formazione ai trova nella colonna 3 dopo Pabbreviazione Tr. Per 
ee., il calore di trasformazione da Mn« a Mn^ b indicato cosi: 
Mna . . . Tr.; il che significa che quando un grammo 

atomo di a-manganese si traeforma in ^-manganese a 1100® si 
svolgono 6,5 kj. 

Calore di jonizzagione. — Il calore di formazione di una soluzione 
completamente jonizzata di una sostanza pud considerarsi come 
la Bomma dei calori di formazione dei suoi joni. Quindi se si 
conosce il calore di formazione di una soluzione completamente 
jonizzata, e si conosce o ammette quello di tutti i suoi joni meno 
uno, si pud calcolare il calore di formazione di quest'ultimo. 
Questo metodo b state xisato per calcolare il calore di formazione 
degU joni dati nella tabella, aasumendo arbitrariamente ^;uale a 
0 il calore di formazione di Inversamente conoecendo i 

calori di formazione degli joni si pud stabilire il calore di forma- 
zione di una soluzione diluita di un elettrolita forte addizionando 


amorp. 

aq. 

c 

coll. 

Def. 

dil. 

dissoc. 

extrap. 

gls. 

(ideal) 


liq. 

mix. 

N 

ppt. 

sat. 


& 


i calori di formazione dei suoi joni: per es., il calore di formazione 
di (NH4),8e04 (aq.) « 2 QNHj + <?Se07 = 2 X 132,7 + 613 - 

878,4 kj. Sirailmente il calore di jonizzazione di un elettrolita 
debole si pud calcolare sommando i calori di formazione dei suoi 
joni e sottraendo poi il suo calore di formazione: per es., H*0 = 
OH- 4* H+ AQ = QOH- + QH+ - QH,0 - 228,2 + 0 - 286,2 
= -68,0 kj. 

ABBREVIAZIORI, SEGNI E FORMULE 

Abbreviazioni 

Amorfo, criptocristallino o stato solido mal definito. 
Soluzione acquosa diluita. 

Macrocristallino. 

Gelo o solo colloidale. 

Condizibni normal!. 

Dedotto da un calore di diluizione. 

Dedotto da'un calore di dissociazipne. 

Estrapolato. 

Un vetro o un liquido sopraraffreddato. 

Nelle condizioni indicate dalla formula,” p. es. per 
Nj 04 la parola (ideal) ” nella colonna 2 indica che 
il calore di formazione si riferisce ad un gas 
formato soltanto di molecole N 1 O 4 . 

Liquido. 

Calore di mescolamento. 

Dal calore di neutralizzazione. 

Precipitate o dal calore di precipitazione. 

In soluzione satura in HxO. 

Segni 

Nella Tabella 

Con metodo indiretto non calorimetrico. 

Con parecchi metodi different!. 

In una quantity infinita di HiO se non d altrimenti 
indicato. 

Nella Colonna Delle Citazioni 
Con metodi indiretti non calorimetric!. 

Include la determinazione o la compilazione di 
quantitll ” parziali.” 

Include determinazioni a temperature diverse da 18®. 

Forme 

Dedotto da calore di reazione con Xs. 

Il calore di trasformazione nella forma cristallina 
“I” 6 0,92 kj a 427®. 

Numeri SopRASCRim 

Un numero soprascritto indica la. temperatura. 
Numeri SoTTOscRim 

La diluizione della soluzione finale b 100 moli di 
H 3 O per p.f.g. di sostanza. 

In una soluzione diluita di KOH. 

. _ » 

n solvente b una mole di KOH in 100 moli di HiO. 

Il solvente b una soluzione contenente 24 moli di 
KCN per mole di sostanza disciolta. 

Esempi Rluztrativi 

ffsO. — ^Le notizie riportate nelle colonne 2 e 3 significano quanto 
segue: **Quando due grammi atom! (g 2,0164) di idrogeno gassoso 
(Hs) a 18®^ e una atm. reagiscono con un grammo atomo (g 16,00) 
di ossigeno gas a 18® e una atm., per produrre un p.f.g. (g 18,0154) 
di HfO liquids a 18® e a una atm., si sviluppano 286,2 kj.” Quest! 
equivalgono (vedi i fattori di conversione dati pid sotto) a 
0,23896 X 286,2 * 68,39 kg-cal,*. 

Cf-. — ^Le notizie date nelle colonne 2, 3 e 4 significano quanto 
segue. ”11 calore di formazione di una soluzione completamente 
jonizzata contenente un p.f.g. (g 36,458) di Cl' e la quantity 
equivalents di un jone positive qualsiasi (per es. una seluzione di 


t 


+X, 

Tr.} 0,92S 


4t7 

) 


2600“ 


365 iQo 


365koh 

365koh(ioo) 
366^4 KCN 
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“ HC1«) d la somma del calore di formasione di Cl“, 
Q - 166,56, e di H+ Q - 0 . e cio 6 Q = 166,66 kj.” 

WiOi(joo). — I numeri riportati nelle colonne 2 e 3 significano 
quanto segue^ "Quando due gr. atomi (g 2 X 1,0077) di idrogeno 
gaaeoso a 18® e a una atm. reagiscono con 2 grammi atomi (g 
2 X 16,00) di ossigeno gassoso a 18® e a xma atm., e il prodotto, 1 
p.f.g. (g 34,0164) di H,0* si scioglie in 200 p.f.g. di H,0 (18,0164 X 
200 ■■ 3603,08 g) si sviluppano 188,2 kj.” La soluzione risultante 
contiene im p.f.g. di H,0, in 200 p.f.g. di H,0. D rapporto fra il 
numero di molecole di acqua e di acqua ossigenata d percid 200 , 
e quello tra le molecole di H,0, e di H,0 d di 0,006. La frazione 

di mole di Hrf). h ^ 5 ^ = 0,004926; e di H.O 6 = 

0,906075. La concentrazione in p.f.g. di H,Oi per 1000 g acqua d 

1000 _ 

200 X 18,0164 “ ®»2775. 

Ta BnlllxinnA ^ ^ 


La soluzione oontiente: 
cento in peso di HtOs. 


(200 X 18,0154) + 34,0154 “ P®”" 


FormuU 


HtO 


HtOt 


I State I 

Hydrogen.- 

•I i»q- I 


gza 


Hq. 

gaa 


200 

3.40 

2.53 

1.00 


<?. kj I Method 

(CorUinued) 

286.2 I Hi + Oi;a 


242.0 


180.3 

137.7 


187.9 

187.8 

180.9 


Uq. 


SvO 

♦Uq.* 


188.2 +KMdO«; 4 


dU. 

dil. 

dU. 


I Lit. 

(I. IM.I, 
141, 

MS, ass.s, 

744, 

444, 414, 

4T4, 4T1, 
474) 

(144, 441, 
•44,4 •44,4 

414.4 414,4 
444, 444, 
414) 

(144) 

(141,4 441, 

441.1.4 
14444) 

(71, 44. 144, 

474) 

(144) 


Conversion factors 


To convert kj to : 


Pour convertir kj en: 


Um kj zu verwandeln in: 


Per oonvertire i kj in: 



CTUi, 

1 -atm 

kg m 

ft. lb 

h.p. hr (elec.) 

cheval vap. hr 

kw hr (abs.). 

volt Faraday (abs.) 

volt amp. Bec“‘ 

quanta sec'L ..... 


Multiply by 


Multiplier par 


ist zu multiplizieren 
mit 


Moltiplicare per 


0 . 23895 
0.94823 
0.62679 
9.8690 
101.972 
737.66 
0 . 00037236 
0 . 00037767 
0.00027778 
0.010363 
1000 . 

1 . 5268 X 10« 



1 . 378304 
1.976912 
1.721639 
0.994272 
2.008479 
2 . 867798 
4 . 670959 
4.677116* 
4 . 443698 
5.016473 
3.000000 
36.183494 


Formula 


Table 


6Ut« 1 Q, kj 


Oi 

®Vn) 


• « • • 


'an> 


Pt 

gat 


aq. - 

gas + 


Q. kj 

1 Method 

Lit. 

^en 

• 0 

Def. 

Tr.; 0.701^*»i 
Tr.: 0 0737, *« 

(144) 

(144) 

13.8 

13.8* 

(424, 1447,4 
1044) 

736 

+ Pt*« 

1 

(TIT) 

341 

1 

dissoe.* 

(147.4, 447) 

144 

dissoc.; a 

(74, 447, 474 
714, 7444) 

136 

8* 

(444,4 4444) 

0.6 

diMOC.4 

(4144) 


Hydrogen 


B« 


gai 

aat. 

iaPt 

Pd«H 


0 

5.94 

57.8 

74.2 


H 


- 2H 


Def. 
5.94 
+ Pt 
+ Pd 

diatoc.* 


(444.4 1447t) 

(147, 717) 
(117, 444,4 

714) 

(444.4, 411.4, 
444, 444, 
447,4 441.1,4 
414.4, 14414) 


On-ifi/. p. 213) 


- 0 I>ef. 

CsH,OH - 39.0 HCIciHiOH <■*«) 
aq. 228.3 KOH; * 


F» 

F- 

HFodMl) 


(HF)».a(HF ftt 745 mm). 
HF 


HFr 

H«F«(idMl) 


Cl* 


a-.. 

Cls'7HtO. . . . 


cio- 

CIO* 


CIOI. 

Cioi. 

CT* 0 . 


HOa) 


HCl 

(4M alto p. 212) 


Sa 8 

aq. 

gas 

gas 

Jiq. 

600 

400 

200 

12 

0.5 

2.2 

1.7 

0.5 

aq. 

gas 


Fluorine 

0 

327.3 

267.8 

068.4 
397 

316.8 
. 316.3 

310.3 

310.2 

316.8 

314.3 

312.8 
307.6 

624.4 
1774 


Chlorine 


gas 

aq. ad44i) 
CCIi 

aq. 

gas 


0 

34 

19.0 

22 

120.3 




aq. 

c« 

aq. 

Uq. 

gas 

aq. 

aq. 

aq. 

gas 

aq. 

0 


165.56 

964 

108 

126 

98.3 

70.7 

80 

167 

70.4 

36.0 


D«f. 

VI? 

Hi + Fi: a 

disaoo.a 
19 

dil. 

(HF,)48.4J», 

dO. 
dil. 
dll. 
dU. 
dU. 
dil. 
KHFi 
dlssoo.* 


Def. 

aq.* 

19. 0« 
aq. 

diaaoo.* 


(444, 444, 
1441) 
(4114) 

(444, 444) 
(147, 7ST) 
(147, 1411) 

(444, 441) 


(4114) 


Ha 

diasoe.*; A 

NaOa 

— »gai 

dlMoe. 

27.0 

NaaOi 

Kao* 

-HCIO 
Tr.: l.a37,',W 


AT., A. ^^11) 

92.2 Hi 4* at: a 


ca* 

CiBiOH 

cn 

400 


107.6 

130.4 

166.66 

165.39 


16.4* 

44.4 

dll. 

dU. 


200 


100 

60 


166.16 73.0*^5 4 


164.81 

164.23 


(1444) 

(741) 

(I4414) 

(447,4 141,4 
1411,4 1441,4 
14414) 

(144,4 4444) 
(J4I, 414,4 
4444) 

(141) 

(til, 117, 
4414) 

( 111 ) 


(474) 

(144, 1444.1) 

(4, 44.1, 444, 
474) 

(741) 


(44, 744, 
444,*f 4»l|*t 

•44,f I44»»t 

l#ll*t) 
(I44,« 441,4 

744,4 474, 
1411, • 11>*) 
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Formula 

State 

0. kj 

Method 

1 Lit. 

Chlorine.- 

—{CorUinued) 


HCl. — (Conliitusil) 

26 

163.21 




10 

160.3 

dil. 



6 

156.3 

dil. 



3 

148.6 

dil. 



2 

140.2 

dil. 



1 

116.2 

dil. 


HCl 

In mixtures 



(900»|* OOl*!} 

Ha.2HiO 

c-u 

1 713 

aq. 

(is, SSS) 

Hao 

200 

124.6 

-fHI: & 

(•»» •T) 

HaOl 

400 

80 

HsSOi + 

(77, S7S) 




BaClOi 


HC104 

liq. 

81 

85l» 

(t74) 


200 

166 

+ KOH; A 

(lOS, 97e> 


96 

166.8 

dil 

(104) 


42 

166.1 

dil. 



9.6 

165.5 

dU. 



6 

164.3 

dU. 


1 

4.16 1 

163.2 

dil. 



3.08 > 

160.6 

dU. 



2.33 

143.7 

dU. 



1.43 

134.9 

dil. 



1 

117 

dll. 


Ha04.Hi0 

0 

420 

32 

(t04) 


Brt 


Br 

Br~ 

Brf 

Br*” . . . 

BrOr.. 

BrOT.. 

HBr . 
a) 

HBr... 

HBr... 


HBr.2H>0 

HBr« 

HBri (T).. 
HBrO .... 
HBrOa. ... 


Bromine 


Uq. 

0 

Def. 


gas 

- 32.0 

-*Uq. 

(is. 8, iss. 


1 

1 

1 


tss,s SSS,* 

078) 

0 

10.8 

-Uq. 

(StS,« 808,* 



1 

848, 1048*) 

sat. 

3 

3* 

(1*48*) 

aq.OdMl) 

6 

6 

(1S8, 811, 




S78) 

gas 

- 111.7 

dissoc.* 

(tio,* SSS,* 




788,* 78**) 

aq. 

119.7 

HBr 


aq. 

130 

HBn 


aq. 

149 

HBri 


aq. 

91 

KBrO 


aq. 

1 61 

HBrOi 


0 

1 

1 

Tr. 0 . 6927, 

(848) 

1 

0 


Tr. 0. 473^,' 55 

1 

(148) 

gas 

36.2 


(84, *78) 

0» 

119.7 

extrap. 


400 

119.6 

dU. 


200 

119.4 

Bn + KCl i A 

(48.1, 81, *78) 

100 

119.3 

dU. 

(84, SSS, *78) 

60 

118.9 

dil. 

1 

26 

118.3 

dU. 

1 

1 

10 

115.9 

dU. 


6 

112.4 

dil. 


6 

109.7 

dU. 

1 

1 

3 

102.6 

dU. 

j 

2 

94 

extrap. 


o-u 

688 

dissoo.; A 

(84, S88*) 

200 

130 

Bn + HBr; k 

(848*) 


149 

Bri + Br(Mi.) 

(84B«) 

eq. 

107 

N - HCIO 


200 

63 

+8DC)i; k 

(81, *78) 


I. 


1 


1 a a • « 
I| . . . a 

101.. 

lo;., 

110.. . 

Hlu). 

Hlai) 


Iodine 


0 

0 

Def. 


gas 

- 63 

0* 

(84,* SSS) 

Uq."* 

- 2o 

“^gSB* 

(14*) 

aq.chUai) 

- 28 

-23* 

(888,** 884f) 

gM 

- 106.60 

dlsaoc.* 

(188, 881, 
888,* 841.1,* 
887,* 1881*) 

*q. 

66,8 

HI 

*q. 

91 

HIi 


•q. 

227 

KIOs 

(804*) 

eq- 

610 

K.10« 

e 

176.0 

-7.6** 

'"isoo 

(88, 814, 878) 

e 

1 

Tr.; 0.6267, 

(848) 

e 

1 


(888) 


Formula 

1 State 

iKim 

Method 

Lit. 

, 

Iodine.— 

'{Conlinued) 


HI 

saa 

1- 21.8 

SO A 

(I 8 S, 80S, 




JCO 

088,* 878) 



55.8 

extrap 



200 

65.7 

HCl + 

(81, *78) 




Pblfi k 



100 

55.6 

dU. 

(84, 878) 


60 

55.4 

dil. 



20 

54.8 

dil. 



10 

53.0 

dll. 



5 

48.0 

dil. 



3 

37 

dil. 



2 

28 

dil. 


HIi 

aq. 

91 

I> + HI: k 

(1084) 

HIO 

aq. 

05 

N - HCIO 


HIOi 

C I 

236.0 

-9.0 

(88, 814, *74) 


aq. 

227 ; 

HI + KIOi 

(80, *1, *88,* 


1 

1 

1 

878) 

HlOi 

1 

aq. 

190 

-HiIO< 


HIO— 

aq. 

663 



HJO,— 

aq. 

716 

KtHtIO* 

1 

HJO7 

aq. 

761 

KiHiIOi 


Hao; 

aq. 

729 

KHilO* 

1 

HiIO# 

.c 

772 

-5 8‘* 

(878) 


aq. 

766 

+ BnCl*: k 

(878) 

2HIOi.ItO. 

0 

353 

"23.9i?,, 

(•*) 

ia(a) 

0 

28 

1 + a: 4 

(*M 

IC1(^ 

0 

27 

-*(a) 

(Oil, 888) 

ICl 

Uq. 

19 

-♦(a) 

(881, 888, 





878) 

ICU 

0 

7o 

I + Cl; 4 

(•«) 

IBr 

Uq. 

11 

I + Br 

(•<) 


gas 

- 40 

dissoo.* 

(814,* 788*) 


8<rfaoin.) • 
Sonoooel.) 



80J 

SOi (ioe form) 


8O7. 

807. 

8*07 

8t07 

8«07, 

8I07 

8tOra 

81O7 

SK)7 


e 

c 

Uq. 

Uq. 

gas 

aq. 

gas 

aq. 

aq- 



gas 

gas 

gas 

Uq. 

2000 

1000 

600 

200 

100 

76 

aq. 

0 

Uq. 

gas 

200 

ftq- 



aq. 


»q- 



»q. 

0 

•q- 


•q- 


Sulfur 


0 

Def. 


0.2fl 

Tr.; 0.29 

(840,* 848, 
70S, 888*) 

1.6 

— 8(rtioiB.) 

(848) " 

3.3 

-*8X 

(848,* 788) 

162 

dissoo.* 

(841.1*) 

42 

NaiS 


124 

dissoo.* 

(841.1*) 

40 

NasSt 


33 

NasSa 


27 

NasSi 


96 

dissoo.* 

(“«*) 

84 

disaoo.* 

(881,* 1877) 

290 

91 1C A 

8 + Oi: 4 

(87, 488.1, 
878) 

OiO • 0 

— ^gas 

878) 

325.8 , 

35.8 

(848, 848,* 

324.5 

34.4 . 


323.0 

33.0 

88*) 

321.2 

31.2 

# 

319.8 

29.8 


319.2 

29.2 


468 

NatSOa 


432 

166 

(81, 418.1, 
888*) 

423 

1600 


383 

206 

(88, 888.8) 

582 

- HaSOa 

614.4 

KiSO. 


885.0 

K1SO4 


590 

NaaStOi 


665 

NaaSaOa 


948.7 

- HSOJ 


1148 

NaiSaO* 


356(7) 

+ aq. 

(4481 

1296 

KiSfOs 


1093 

Na^aO* 
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Formula 

1 State 

0. kj 

1 Method 


Sulfur.— 

‘(CoTiiinued) 

8<07....- 

aq. 

1096 

NatSiOt 

S‘t)7 

aq. 

1120 

KtStOi 

H8- 

aq. 

15 

KHS 

HiS 

1 

gas 

22 

+ I1: 4 


Uq. 

40 

gas 


aq. 

41.3 

19.1; k 

H»8.7HiO 

c-» 

1670 

dissoo.* 

BtSs 4* 81 

A 

Uq. 

10 


Hsor 

9 

aq. 

617.3 

KHSOa 

HSO7 

aq. 

878 

KHSO4 

HiSOs 

aq. 

463 

N - HtSOj 

HtSOi 

200 

607.2 

-80»Uq ) 

HtSOi 

liq. 

794.1 


(oeo olto p. 212) 

0 

804.5 

+ aq. 


€0 

880.0 

-8O7 


1599 

873.6 

dil. 


799 

871.6 

dil. 


390 

869.8 

dil. 


199 

808.4 

N. NatSOi: < 


90 

867.8 

dil. 


40 

866.8 

dU. 


19 

864,9 

dJI. 


0 

859.6 

dU. 


8 

858.0 

dil. 


7 

856.4 

dH. 


6 

854.3 

dil 


5 

851.3 

dil. 


4 

847.9 

dil. 


3 

843.1 

dil. 


2 

835.9 

da. 


1.5 

830.9 

dll. 


1.0 

822.1 

dU. 


0.5 

809.7 

dU. 

HaSOi-HiO 

Uq. 

1108.3 

aq. 


e 

1127.6 

aq. 

HiStOi 

1500 

580 

NatStOi + 
HCl 

HsStOi 

aq. 

659 

N - H.SO1 

HoSiO. 

400 

1148 

N, NaiSfOa 

HoSOo.SOt 

Uq. 

1230 

aq. 

0 

0 

1241.0 

-• liq. 

HoSfOi 

aq. 

1297 

+ FeS04; k 

HtSiOo 

aq. 

' 1096 

N - HtSiOt 

H^iOo 

aq. 

1098 

N « HtStOt 

HiSoOo.. 

•q. 

1124 

N - HtStOt 

Boat 

gas 

23.6 

-Uq. 


Uq. 

60 

8 + a 

StClo 

Uq. 

60 + 

StClt + Cli 

scat 

gas 

174 

-^Uq. 


Uq. 

201 

164 kOH 


gas 

338 

— ►Uq. 


Uq. 

367 

263im 

SoOoCIi 

Uq. 

677 

+ KOH 


gas 

623 

— Uq. 

soo.Ha 

Uq. 

583 

8O1 + HQ 

StBri 

Uq. 

8.4 

S + Br 

Btit (?) 

e 

0.0 

S + I 


Lit. 


8« 






<m) 


tootakla)’** 

oQoltd) 

Bet 

Be- 

BeOt 


Selenium 


4’ 

H8e-. 


(441.1,* 411, 

• 74) 

(4*4*) 

(•74, 1011*) 
(*•7,* 424,* 

• •7*) 

(••7) 


(M») 

(••• S 


) 


(lO, 81. foil 
• 74*) 

(llt.f *41,*o 

184, 4 84, 
471, 744,0 
401, 411, 
4*4,| •7*0) 


(141) 
(•»• *41) 
(• 74 ) 


(744, •74> 
(141) 
(1074) 
(114) 


(444,* 770) 
(770, •74) 
(17, 14) 

(^^•) 

(770, 771) 

(771, no*) 

(77^ 771, 

• 74) 

(774, 771) 

(770, 771) 

(771) 

(774, 7*4) 

(774) 


C 

0 

Del. 

AXDOrp. 

- 6.0 

+ax: k 

c 

- 1.6 

+CII: k 

di* 

- 4 

+a$; k 


146 

Bey 

•Q. 

- 112 

NaiBe 

e 

236.1 

-3.8 

a 

232 

BeOi + HiO; 

k 

aq. 

515 

NatBeOi 

aq. 

613 

NatSeOt 

aq. 

- 154 

KHSe 


(7a4.1, 744) 

(744*1, 744) 

(7.4) 

(117) 

(■«, 

<•»•) 



HtSe 


HtSe + ^HtO 


HSeO^. 

HSeO“. 

HiBoOi 


HtS^. 


H1S0O4.H1O 


SoiClt. . . 
SeCli . . . . 
SoOt.SOi 


TeOt.HiO 

TeOt 

Te07 


TeO; 

HiTe 

HiTeOi 

HiTe04.2Hi0 

Tea* 

ToBr« 

2Te0t.80t . . 


NO 


NiO 


Nf0.6H>0 

NO. 

NO. 


NO7 


NK>7 

I^iO«. 


NtO. 


NH. 

{««« o/oo p. 213) 


Selenium. — (Continued) 


£44 

»q. 

0 

ttQ. 

aq. 

c 

Uq. 

0 

200 

1000 

0 

liq. 

Uq. 

0 

0 


- 06 

- fiO.l 

4 +XH.O 
522 

604 

635.8 
518.6 
5^ 

545 
6O0 
603 

866 
837 
92.7 
193.2 
683 


+ 1 ; * 


101* 


dissoo.^ 

NaHBeOt 
NaHSeO. 

-17.2 |(««) 

•■SeOttaq.) 

70408 (•••) 

55.9«m (•••) 

<lil. - HtSOi 
SeO. + HaO;| (•»•) 
k 

31.2400 
51«oo 
Be 4* Cl. 

So + Cl. 


(t44,4 114, 
744.4,0 874*) 
(••4, «14,0 
474,* 1141) 
(4140) 


134. 

4000 


(•••) 

(•••) 

(474) 

(474) 

(•••) 


1'4(aMt«llle) 

'l*4(*iDorpbotif) 

TeO. 


e 

0 

Def. 

amorp. 

- 11.4 

+Bri 

c 

327.7 

T« + 2HiOa 

•Q- 

320 

TeClt + HtO 

e 

606 

0 

c 

348 

+NaiO 

aq* 

580 

KtTeOt 

aq. 

722 

KiTeOi 

sai 

- 142 

1 

+ FeCli; k 

aq. 

708 

TeOi + Br; k < 

c 

1294 


e 

324 

Te + CIi { 

Brt 

278 

Te + Bn < 

0 

1280 

^^KOH ^ 


(141, 141, 414) 

(711,414) 

(474) 

(478) 

(711) 



eao 

gao 

0 

aq. 

gao 


Nitrogen 

0 

- 540 

- 245 

- 90 


gao 

Hq. 

c* 

gaochiMl) 

aq. 

aq. 

aq. 

gaoOd«U) 

Uq. 

0-14 

gao 

0 


NH* 

N.H 4 . . . . 

NtHtH-^. 

Nrfl4H7+ 

HNa 

NHo.HNt 


71 

78.4 

1692 

31.1 

107 

208.4 

15 

7.8 

21 

33.6 

5 

61 

45.8 


Def. 

dl440«.* (‘•^••) 

Tr.:0.22^y;« (»♦•) 

BaNo 

NO + CtNt 

k 

+CO. k 


dktoc.* 

NO + O;* k 

NaNOo 
HNOo 

NaiNfO* 

dioooe.; k 



69.8» 
dlaooo.; k* 


Hq. 

200 

60 

25 

15 

3.2 

1.0 

aq. 

aq. 

aq. 

aq. 

aq. 

0 

aq* 


66.3 

81.3 

81.2 

81.1 

81.0 

79.7 

75.9 

1^.7 

13.6 

27 

27 

228 

84 
118 


35.4** 

top 


dll. 

dU. 

dll. 

dil. 

dU. 

NH4a 

NtH4.H*SO« 

+Ba(OH)t 

NtHi.HCI 

NtB4.2HCI 

N 

dimoe. 

- 28.211 


(41, I***) 


(144) 
(144) 
(41, 144) 
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ForjnuU 


HNOt 


HNOi 


KHiOH 


NH 4 OH. . . 
N^NOi... 


NHiNOhiv) 


NH«HO»<V) 


KHtNOi <TfT > 


NHiNOkii) 

NH*NO«i) 

(•M aUo p. 162) 


NHiClaii) 

(•M oIm 161) 


BUt« I 


Nttrogen.- 

200 

su 

Uq. 

m 

400 
206 

100 
60 
26 
20 
10 
6 
a 
2 
1 
0 

aq. 


Method 


Formula 


200 

aq. 

0 

400 

e 


0 

e 


1000 
600 
200 
100 
60 
26 
20 
10 
6 
8 

2.6 

NHiOH.HNOa.., | e 

aq. 

HtNiOt aq. 

NtHiHOH... 0 

*q- 

NtH 4 .HNOi aq. 

NtH4.2HNOi aq. 

NHiF o 

•q- 

NCI. ca. 

NOCl 

NHiCld) o 

NHiCUil) I « 


1000 

500 


(CorUtniied) 


121 I NaNOi + 

Ha 

147.0 Uq. 

177.3 80. OM 

208.4 eztrap. 

208.41 “Kiil. 

208. 97 HNOi + a. 

k 


208.43 

dfl. 

208.62 

dU. 

208.67 

dil. 

208.6 

dil. 

207.9 

dil. 

206 2 

dU. 

201.2 

dil. 

197.3 

dil. 

191.0 

dU. 

177.3 

dU. 

87 

NHiOH + 


Ha. A 

367.6 

~ NHt aq. 


(»«.••<) 

(»•) 

(••> 


126 NHiOH.HO 

SSW.l -19. 9*;,,;* 

240. « S 

368.0 -26.55;. 


iTr.; -0.6 J.-* 


Tr.; 1 . 67 ;>y, 

Tr.: 1.3”^ 

Tr.: 4 . 3 |«) 

extrap. 

diL 

dU. 

N 

dU. 

dU. 

dU. 

dU. 

dU. 

diL 

diL 

dU. 

+0. 

_26^t 
^lee 

Na.NiOa 

soy. 

* N«H« aq. 
N 
N 

-6.8 
N 

+Ha; A 
+KOB; A 


340.9 
341.06! 
341.16 
341.6a 

342.01 
342 . 97! 
344.701 
346.0 

346.8 

349.4 

350.7 

362.4 
360 
384 

86 

264.7 

272.7 

235.7 

443.9 
467.6 

461.2 

229.5 
53.0 


Tr. 




(”) 

(«1, §#7,® 

are) 


(Ta, aae, fTt) 


(71, art) 

(71, are) 

(14, 4aa, 7aa,« 

are, aei,® 
leee®) 

(la, 44.4, 

144,* aee 
ri*) 

(44.1, aae,* 
rae, ieea.4) 

(44.1, aae*) 

(41.1, 144*) 


(»•, •»•) 
(tee, ata,t 
esa,o raa, 
ear,® are, 
aei») 


(lai) 

(lei) 

(lat) 

(•«) 

(**) 

(•>) 

(eee) 

(eee, eee, 
are) 

(rea, aet) 
(844, eei.i,# 
aaa,* aee,# 
aea,e aae,e 
aaa,* 


814.2 


-16J«1A 


298.8 
298.1 
298.041 


dlL 
diL 
diL 


ieae.t*) 

(*••«• •••»♦ 
leare) 

(a, ea, ee, 

aae,® ai8,| 
eta,* raa, 
eae, aaa.f 
a44,f are, 
leee*) 
(Me, aat) 


NH 4 a — (Centiaaed) 


NtH 4 .HCl 


NtH«.2Ha 


NH«a.3NHi 

NH4a.0NHs 

NHiOH.Ha 

NH4a04.... 

NOBr 

NOBn 

NHtBrdi). . . 

NHiBrd).. . • 

NHja).... 
NH4ai> 

NS 

NiO)(SOf)s. . 

NH4HS 


(NH4)tS.. 

NH4S<.... 

NH 4 S 4 .... 

(NH4)t84. 

NH4HS0» 

NHiHSOi 


NHfOH.HdBO*. 

NtH4.Ha80t. . . . 

(NH4}«BOt 

(NB4)>80$.Hi0 
(NH4)aa04. ; . . . 


(NHa 0 H)t.BiB 04 

(NH4)>SiOt 

* 

(NH4)«StO. 

N8#..... 

NHiHSe 

(NH4)d8a 


lute 1 

a.kj 

Method 1 

ut. 

rogeo.-* 

—(Coniintud) 

1 

200 

297. aa 

N 

(ea, aa, 4 t**) 

100 

.297.84 

dU. 

(eaa,t atr,* 

60 

297.88 

dSL 

are) 

26 

298.08 

diL 


10 

800.2 

diL 


e 

214 7 

-23.8JI0 

(**) 

*q- 

192.0 

N;A 

(»*> 

e 

383.0 


(»>) 

aq. 

367.0 

BaQi + 
N«H«S04; a 

(«i. »•«) 

e 

660 

analosy 


0 

806 

dieeoc.* 

(taa, aaea) 

e 

804.6 


(^•) 

400 

^.6 

N 

(ra, aa*.aTe) 

e 

327.7 

-26.65;„ 

(1*4) 

•q- 

301 

N 

(1*4) 

lae 

- 73.4 

1 

+ K0 M; a 

(**ra) 

Uq. 

1 

- 47 

(aere) 

CM 

- 20 

-^q. 

(••»•) 

Uq. 

+ 7 

+ KOH: A 

(aere) 

e ' 

270.8 


(II, tea,* 
aaa.fare) 

e 


Tr.i 3.2j« 

(taa*) 

200 

262.2 

N 

N - Ha 

e 


Tr • 2 0^14 
IT., «*V(uy 

(»*»•) 

e 

203.2 


(*T*) 

200 

188.3 

^ N 


e 

• 133 

dieaoe. 

0 

(IT*) 

0 

048 

*^SoH(feo) 

(111*) 

e 

1 

1 

163 

-14 

# * 

*44,* eee,* 
leaa*) 

»q- 

149.3 

NH, + 
(NH4)»S 

(**, are) 

200 

231.2 

N 

(**, are) 

0 

136 

. +1* 

(ear) 

»q* 

117 

■7 ^®uo 

(ear) 

e 

133 

+I1 

(••») 

•q. 

116 

-18 

(ear) 

e 

271 

+U 

(ear) 

aq. 

286 ; 

— 36** 
•®ieee 

(#*T, 

•q- 

760 

- (NH4)i8tOf 

(tr#) 

e 

1006.2 

— 0.1>* 
''•'to* 

(*T#) 

800 

1008.6 

dlL ' 


400 

1007.2 

(NH4)a804 + 
HiB04 

(•*. •»*) 

200 

1006.1 

dUL , 

(•«) 

100 

1006.3 

diL 


60 

1004.8 

dU. 


20 

1004.3 

dU. 


10 

1002.8 

dU. 


*q< 

1001 

N 

(ra,aa«) 

e 

939 

+Oi 

(»•) 

aq. 

903 

"“•^l!ee 

t»*) 

e 

879.7 

« 1 


(art) 

•q> 

873.4 

N 

(tr*) 

e 

1178 

-18.2H 

(are, aat) 

e 

1162.0 


(*re) 

400 

1162.1 

N 

(ae, 444, are*) 


1162.4 

dU. 

(are) 

100 

1162.9 

dU. 


60 

1163.7 

dlL 


80 

1154.6 

diL 


10 

1166.6 

dlL 


e 

• 

1168 

1 


(»•) 

•q. 

1183 

N 


e 

1240 

• 

— 26* 

■*”440 

(are) 

aq. 

1314 

N 

(are) 

e 

1602 

-38** 

(«•■•) 

•q> 

1663 

N 

(144*) 

e 

- 177 

dieaoe. 

(ire) 

e 

102 

ItOQ 

(»••) 

•q. 

82 

N 

(»^) 


163 

N 

(ae*) 
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Formula 


State 


Q, kj I Method 


Lit. 


Formula 



P(r*d) 


Pf . . , 
PO-. 

pop 

PiOi. 


PK)r 

PiH . 
PHi.. 
HPOi. 


HPO 7 . 

HPO 7 . 

h,po 7 

H*PO; 

H 1 PO 4 

H,PO.. 


HiPO 


H 1 PO 4 


H1PO4.IH1O 
HPiO? 


H.PKIJ 

H*P ,07 

h,pk )7 

H 4 PIO.. 

H4PtO«. 


H4Pt04.3Ht0 


H4P1O1 


H4P9O7.IIH1O 

PQi 


PCI, 

POOi... 

pH,^a 

PBr,.... 


PBti 

POBr,... 

PHaHBr 

PI. 


pa«. . . . 

PHaBI 


Phosphorus^ 


c 

0 

Def. 


c 

18 

+Br,: A 

(*M, 447 , 


1 


000*) 

CS, 

3.8 ' 

-3.8c3i 

(TOO) 

aq. 

984 

NaPO, 



1250 

NaiPO, 


0 

1531 

P + 0, 

(447) 

amorp. 

1535.4 

— 

(JOf, 447) 

gls. 

1555. 1 

— 

(447) 

aq. 

2246 

Na4P,07 


0 

50 

+ Bri 

(Oao, 700) 

gas 

- 25 

+0,; A 

(010, 700) 

c 

941.2 

40.8 

(447) 

aq. 

981.4 

+ H,0 

(447) 

aq. 

961 

NatHPO, 


aq. 

1287 

NaiHPO, 


»q. 

596 

NaH,PO, 


aq. 

962 

NaHiPO, 


aq. 

1285 

NaHjPO, 


liq. 

581 8 


(070) 

c 

591.6 

-«^uo 

(976) 

450 

591 s 

dil. 


250 

590.9 

DaH4PK)4 + 

(070) 



H,SO, 


220 

590 8 

dil. 

(707) 

no 

588.8 

dil. 

55 

587.8 

dil. 


liq. 

945.2 


(970) 

c 

958.1 

o.5|; 

1 60 

+ Br, 

(•7i)' 

aq. 

957 i 

(970) 

liq. 

1258.6 

22 4«® 
too 

(974) 

0 

1268.6 


(S44, 974) 

400 

1281.3 ' 

dil. 


200 

1281.0 ' 

PK), + aq. 

(447, 974) 

100 

1280 7 

dil. 

(944, 797, 

50 

1280.3 1 

dil. 

094, 974) 

20 

1279.3 

dU. 

9 

1277.5 

dil. 


3 

1272.4 

dil. 


1 

1265.9 

dil. 


liq. 

1439.6 

15.8 

(944) 

aq. 

2260 

NaiHPiOi 

. 

e 

1424.7 

0.6 


aq. 

1608 

Na,H,P,0, 


aq. 

2261 

NatHiPjO, 


aq. 

2260 

NaHiPK), 

A 

»q. 

1608 

N 

; (•) 

c 

- 31.4 + 


(047) 

aq. 

Q 


0 

581.5+ Q 


(147) 

liq. 

545 + Q 

(B47) 

liq. 

2215.4 

42.8 

(447) 

e 

2224 . 9 

33.5 

(447) 

*q. 

2258.1 

+ H,S04; a 

(447) 

liq. 

2655 

31.9 

(444, 404) 

0 

2668 

18.8 

(444, 444) 

gaa 

293 

— dig. 

(14. 047) 

Uq. 

1 

322 


(lit, 074) 

c 

446 

«« ®?;o. 

(1, 14, 9T) 

liq« 

615.8 

1000 

(110, #70) 

c 

134 

HCn + PH, 

(tJT) 

liq. 

190 

+HK): A 

(«••. *>T, 




447) 

c 

254 

P + Br 

(700) 

e 

447 

+H,0 

(700) 

e 

107 

-12.7 

(707, 700) 

c 

46 

P + I 

(700) 

C8t 

59 

1^, 

(700) 

c 

83 

+ H,0 

(TOO) 

e 

60.5 

-20 

(707, 700) 


• Heat of mianc HiPO, + HPO, (*•); P, - P, (g ) <•••. Mi); PF, +KOH 
AQ M 460.7 Cfonne a fluorophoephorie add) (***). 


P,N, 

NHiHiPOi 

(NH4)2HP04a 

H 

(NH4),HP04^ 
“{NH4).(HP04) 
(NH4),P04 


Aa 

AacbUck) • 

AS(l)rowp) 


AaO^” 


AatOKop^Qc) 

AstOKrooDocliaie) • • • 
AfliO^ooUbsdmi)- • . 


AsiO, 


A84O, 


AeH. 

AaHs.6HiO 
HAbOJ. . . . 

HAbO-J... 

HjAbO^... 

HiAbO^. . 

HiAbOi. . . . 
HiAbO,. . . . 


AbCI 


AeBri 


AsI,. 

Ab»S, 


Sb(i) 

Sb(ii, • . 

SbOJ - 


SbiO^prisai) 


SbiOaordiavy) • • 
6bK),<ooUltadrml) 


SbtO, 

SbsO, 


SbH,... 

HiSbO, 

HiSbO, 

SbF,... 


HaSbF, 

Sba,.. 


SbCl, 


SbOCl. . 
Sb 40,01 
SbBri. . 


State I 

Phosphorus. 


Q, kj I Me thod 

(Continued) 


0 

314 

+ 0 , 

aq. 

1410 

N 

1 

aq. 

1553 

N 

aq. 

1540 

N 

aq. 

1664 

N 


(Mf) 

(let) 

(IM) 

(>«) 

(IM) 


0 

amorp. 

amorp. 

aq. 

0 

o 

0 

0 

WJ. 

gaa 


Arsenic 

0 
0 

- 16 
874 

654 

619 
645 
622 

011.9 
937 

1121 


gas 

o-». 

aq. 

aq. 

aq. 

aq. 

aq. 

0 

aq. 

c 

liq. 

0 

liq. 

0 

c 


(ill, 7 »f) 
( 177 ,* 7 tS) 


Dof. 

+ CI1 

+a, 

NaMaO, 

' (*”) 

AaiO.(oot«) (•••»• *•<*•) 

H, 4* AeK),* {»»<•) 

AaCl, + HfO; («•.!, tii) 

A 




Antimony 


Sbl, 

BbsSitora^) 


0 

o 

0 

aq. 

0 

0 

0 

aq. 

0 

0 

aq. 

gaa 

•< 3 . 

AQ. 

0 

aq. 

aq. 

0 

liq- 

e 

liq. 


o 

• 

e 

Hq. 

C 8 , 

0 

e 


0 

9.9 

883 

602 

602 

697 
537 

884 
966 

054.0 
• 145.7 

698 

006.3 

906 

809 

1856.0 

382.5 

369.5 

449.1 
438.9 

392.6 

373.3 
1448 

257 

243.# 

242 

185 

149 


25.1 

Aa + Br + 
HrO; A 

-*A#,OKmoQo) 


- 182 
1535 
656 

897 

711 

902 

740 

899.7 

898 
303 
182.0 
194 

182 

60 

80 


+Br, 

diaaoo.* 

NaiHAaO, 

NaiHAaO, 

NaHtAsO, 

NaHtAaO, 

• AaiO, aq. 

— AstO, aq. 
Aa + Cl,: A 
-♦o« 


^®^K 0 H 


(710, #7#) 

(ISS, #7#) 

(•##,« fll.l,# 
#41.1,# 
I04S«) 

(TOO, TOO) 
(4100) 


+H,* 


(070) 

(#4, 7#0, 070) 
(#04) 

(•M 

(# 11 ) 

(•*) 

(ill*) 


Tr.: 0.2«® 

(014) 

Def. 


+Br,; A 

(144) 

Na,SbO< 



(444 444, 

42rBF(i«) 

W 

(*I*| 40i) 

NaK),: A 

(444, 710) 

*H,SbO, 


+ NaK>i 

(710) 

+ Na,0, 1 

(710) 

-H, 8 bO« 

dlaooc.; A 

(170, 040) 


SbCli + HtO;! 


A 

SbCl, 4* HtO: 

A 

~7»o 

8 bK)i 4- HF 
SbF, 4- BF 

8b + a, 


-►Uq.*; A 
SbCl, + Cl,: 
A 

-rtiq. 

4>HF 

^HF 

+HF 


4-HF 
4-Nadl; A 


(#70) 

(4#4, 400) 
(404, 400) 
(404, 400) 
(404, #70) 
(OOt, #04) 
(OO,* TOO) 
(404. #70) 

(«»*) 

(4#4, 400) 

(404, 400) 

(17#, 400) 

(004) 

( 100 ) 

(400) 

(107) 
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FormuU 


I SUte I Q, kj i Method | 


Lit. 


Antimony. — (Contimted) 


^0 graph.) 

C(ordiiuiT gimphiU) 


gra^.) Oow temp.) 

C(cliemoad) 


CiAcetyleoe) 

carboD) 

C(cheiooal) OB-(ree) 
Ccnugar) 

COil) , . . . . 

CO 


COi 


COf(on charcoal) 
cOi.eHjO 


C 07 


C 107 


CH 4 

CtHi 


CiH{.6HiO 

CiHi 

CiH# 


HCO- 


HCO; 


HCHOi 


HiCO. 

CHiOHCi) 

CHiOH 

(««e oZso p. 162) 


HCiO; 


HsOtO' 


SbsSKbUok) 

0 

150 

+ NatS: A 

SbsSiOilM) 

(r) 

132 

+ NafS; A 

6b*8abrowa> 

(T) 

j 165 

+ NatS; A 


Bismuth 


Bi 

0 

0 

Def. 

BUO* 

0 

667 

+ NatOi 

Bi*0*.XHi0 

ppt. 

672 + 

BiCli + 

1 


X286 

1 

NeOlt: A 

HiBiOi 


716 

- BijOi.XHiO 

BiCU 

0 

379.2 

Bi + Cli 

BiOa 

0 

367 

BiCl* + HtO 

BiiSt 

0 


diaaoc.* 


0 


Carbon* 

0 

- 638 


0 

0 


amorp. 

amorp. 

amorp< 

amorp 

c 


gas 


eat. 

gas 


eat. 


aq. 

aq. 

gas 

gas 

aq. 


gas 

gas 

aq. 

aq. 

0 

liq. 

KM 

100 

60 

2 

1 

0.6 

aq. 

e 

Uq. 

KM 


aq. 

33.8 

16.0 

7.11 

4.16 

2.67 

1.19 

0.44 

■q- 

0 


1.0 

0.7 


2.0 

2 

2 

10 


110.6 


126.0 

395.0 


414.9 


426 

1779 

674 

816.9 

80 

227.4 

210 


981 

40 

98 

414 

689.1 

426 

415.3 

394.0 
415.8 

415.8 
416.7 

415.9 
415.9 
415.6 

701.1 


251.1 

213.0 


Def. 

o 


+ O 1 
+ O 1 


+ O 1 ; A 
+ O 1 
+ O 1 
+ 0 * 


iTr.;0.60-jV,*-^ 


+ Oi; A 


14.4* 

C +Of 


19.9' 


COi + C 
disaoc.* 
NaiCOt 

KtCf04 

+ 0 * 
-f-Oi; A 
17; A 


diaaoc. 

+ 0 . 

+ 0 , 

NaHCOt 

diaaoc.*; A 


ano 


+O 1 : A 
— ►liq. 


0 7‘* 

^ ‘ IM 


dil. 

dil. 

dil. 

dil. 

dil. 

• COj aq. 


Tr.; 0.58;*, V,> 


+ O 1 
-Uq. 


259 

268.0 

267.7 
266.6 

266.4 

264.4 
262.9 
252.0 

814.8 

824.6 


8.4 

dil. 

dil. 

dil. 

dU. 

diL 

dil. 

dil. 

NaHC>04 
+Ot; A 


(1*7, 4«S. 
8S3,a 7a«*) 

^117, 4«l) 
(1*7, 4#*) 


(710) 

(#74) 


(*7«) 

(7B»,« *74) 
(58*,* 746*) 


(6*4, 847, 

844) 

(844, 487) 

(888, 884, 

887) 

(708) 

( 888 ) 

( 888 ) 

(708) 

(144) 

(81, * 0 . »**, 
881,* *04,* 
974, 1102*) 
(1049*) 

(208, 888, 888, 
887) 

(S, 81, *14.* 
974) 

(444) 

(1014*) 

(988*) 


(1*8, *74) 
(708) 

(1*3, 1014, 
108**) 
( 101 8 *) 
(709, 974) 
(1*8, 974) 


(878*) 

(54, 840, 987) 

(144, 974) 
(280.4, *48.1) 
(48. ***, *74) 


(778) 

(8*1, 948) 
(*80.8, 848.8, 
asT*s^ wve« 
1008.8, 
1088.8) 

(T») 

(**».*) 


(84. 949, 974, 

1918) 


• For other oompounda of oarbon, 8 e« the eeotlon on Heata 
p. 162. For varioua reaetlona in CiH»OH, cf. (> 99 , *ii)^ 


of Combuation, 


Formula 


HiCtO# — (Continued) 


HtCjO<.2H.O 


CiHiO 


HCtHiOi 


CiHiO- 

CiHiOH 

(tee aieo p. 162) 


C 4 H 4 O 7 

HC4H40r 

S 

H,C4H*0.,„ 

or 0 • • 

(H3C4H40«)s(do • * • 
HiCiHiOics, i» or dl) 


CCl* 

coai 

COBr* 

(CS), 

cs* 

cos 

CiHtSO- 

C8Ho604 

CN- 

C*N, 

NCNi 

NCNxpoIjrnMr.) 


1 State 

1 Q. kj 

{ Method 

Carbon.— 

■’{Continued) 

KM 

734.0 

-*c* 

aq. 

814 


0 

1422 


aq. 

492 

NaCjHiOi 

c' 

503 

1(0 

Uq. 

492.6 

+ 0. 

KM 

471.4 

— Uq. 

200 

404.1 

dil. 

100 

494.0 

dil. 

60 

493.7 

dil. 

20 

403.3 

dW. 

8 

492.6 

dil. 

4 

492.1 

dil. 

2 

491.9 

dil. 

1.5 

491.9 

dil. 

1.0 ; 

401.9 

dil. 

0.5 

492.0 

dil. 

CiH*OH 

264 

NaCjHiO 

gaa 

233.5 

— ►Uq. 

Uq. 

275.4 

+ 0* 

200 

1 

286.90 

1 

dil. 

100 

286.50 

dil. 

50 

286.35 

dil. 

25 

285.8 , 

dif. 

10.2 

284.0 

dU. 

5.94 

281.8 

dil. 

3.84 ' 

279.8 

dil. 

1.70 

277.5 

dil. 

0.64 

276.4 

dil. 

0.28 

276.1 

dil. 

aq. 

1230 

KiCiH^O. 

aq. 

1245 

KHC4H40* 

c 

1263 

+ 0, 

0 

1269.5 

-21.9 

c 

2541 

-45.4 

400 

1247.5 

-16.1“ 

200 

1247.7 

<U1. 

100 

1247.8 

dil. 

60 

1248.0 

dil. 

20 

1248.6 

dil. 

6 

1248.9 

dil. 

c 


AT.. 

gaa 

106.3 

+ H,; A 

Uq. 

138.0 

•— gM 

gaa 

218 

i 

1 

1 

1 -Oi: A 

Uq. 

1 

242.7 

—gM 

gaa 

92 

diaaoc.* 

c 

-(64), 

+ Ot 

gaa 

- 120 

Uq. 

Uq- 

- 02 

+0* 

gaa 

02 

+ KOH; A 

aq. 

904 

NaC>HtS04 

aq. 

906 

C 1 H 4 + 
H 18 O 4 : A 

»q* 

- 146 

KCN 

Uq. 

- 274 

—gaa 

gaa 

- 296 

+0* 

•q. 

- 288 

-28 

0 

- 39o 

diaaoa, | 

e 

- 346 

dieaoo. 


Lit. 


(7#**) 

(84, 48, *74) 

(84, 4*9, 871, 

871.8, 974) 


(49, 48, 288,* 
800) 


(144, 888) 
(280.8, *48 

1072) 

(1*8.0 itt, 

*78) 


(904.8, 1888 . 5 , 

107*t) 

(I 8.8, 20, 1*4, 
844.8, 

480.8, 448, 
841) 

(78, 2X8.80, 
8X4, 482,4’ 
8270) 


(774) 

(»*) 

1 

(84, Tl, *74) 


(71, 982) 


(81*) 

(211.8, 974) 
(847.8, 848, 
1008.8, 
1088.8, 19V) 

(I*,* *8, 2X1,* 
218, 824,* 
rjn.i,m 782,* 
978) 

(**'i) 

(988*) 

(10*4) 

(18.8, 4*8, f 

7S2*Sa SSSa 

1044.8) 

(101, 188, 892, 

978) 

(84, 841,* 944, 
978) 








(288) 
(147, 978) 
(149, 498) 
(804) 
(*•4) 
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Formula 


CN’0‘. . 
C»N,Op 

CNiH-.. 
HCN . 


CHiNH 


CH.NHJ 

CNiHi 


NHiCN 


(CH,)iNH 


CiHiNHt 


(CH«)iN 


(CNiHi)i 


HCNO... 

NHiHCOa 


2NHa.COa 


CO(NHi)i 


NH4CNO 


(NH4)iCOa 

NH4CHOa. 


NH4CHtCOt 


NHaHCfOa 

CHaNHt.HiOOa 

(NH4)aCfO«. . . . 


(KH4)iCt04.Hs0. . 
HCaNiO- 


State 


Carbon. 

aq. 

aq. 

aq. 

fa* 

liq. 


c-ii 

aq. 

fa* 

aq. 


Hq. 

aq. 

e 

aq. 

fa* 


aq. 

fat 

aq. 

fat 

aq. 


400 

200 

100 

40 


aq. 


400 

e 

400 

200 

100 

60 

26 

10 

6 

2 

400 

aq. 

e 

400 

e 

a<T. 

aq- 


HtCaNiO^..- 

CaNtHaOa... 


C>N.H«Oa.2HiO . . . . 

NHaHtCaNaOa 

NB4 H«CiN« 0 «.HiO. 

(NH4)tHCaNfO.. . . . 
(NB4)aCtNfOa 

NBiBCiBaOt 

(NB4)tC«B40t 


aq. 

•q. 

400 

400 

200 

100 

60 

ao 

ai 


) </. ki i 


•^{ConHnwd) 


Method 


Ut. 


Formula 


State 


Q. kj 


Method 


146 

658 

- 05 

- 126 

- 99.1 

- 91.6 

- 100 

31 

81 

136 

- 36 

- 46 
“ 62 


106 

26 

80 

10. t 

36.0 

153 

850 

822.7 

823.1 

824 

824.4 

650.0 


626 

328.5 


308 

282 

936 

660 

548 

626 

625.9 

025.8 
625.4 

624.9 

624.0 
622.3 

620.1 
618.6 
948.7 
820 

1118 

1086 

1419 

930 

608 

650 

693 

679 

1281 

781 

1114 

869 

966 

1376 

1607 

1607.7 

1608.0 

1609.6 

1611.0 

1611.0 


NaCNO 

NaiCiNiOa 

NaHCNt 

+Of: A 

-^fo.;* A 

liq.* 

25 

+ 0 , 

51 

CH.NHiCl 

+ 0 . 

— *c* 

-15*» 

1000 

-18.24m: a 
N 

+ O1 

61.3tm 

+ 0 , 

54.0 

+O1 

64.2 
+ Ot 
-24.1>» 

+ NH4OH 
— 28** ■ A 

dil. 

dil. 

N; A 

dil. 

-25; A 


N; A 
+Ot 


314.6 -14.0; A 


CO(NHf)i: A 
N 

loot 

N, analogy 

N 

dil. 

dil. 

dU. 

dll. 

dU. 

dll. 

dil. 

N 

N 

-33 

N 

-48 

N 

NaiBCsNaOa 

NoBtCiNiOi 

+O1 

-13 

, -28.8 
N 

-46.9-*,: A 

N 

N 

N 

N 

dU. 

dU. 

dU. 

dfl. 

do. 


(It, •»•) 

(It, ttt,* 
4*t,e Ttie) 
(rei,* tire) 

(It, lit) 
(tit) 

(»*!• »4I, 
fTt) 

(•••) 

(tit) 

(»*,*4*e) 

(TO) 

(•IT, T4I, 
»TI) 

(til) 

(1*1, OIT, 

• T4) 

( 111 ) 

(lot, tlT, 

T41, OTt) 
( 111 ) 

(•14) 

(414) 

(TO) 

(»*. »*l) 

(OT*) 

(*»•) 

(110,4 11T,« 

• II, • •TO, 

• •l,« 114) 
(10, «T0, 0T«) 
(ITl, 111, lit 

• tO) 

(ITI, Ttt.|«, 

• T4) 

M014) 

(toil) 

(It, II, OTO) 

(••) 

(“) 

(lll.f OTO) 


(»») 

(T4I) 

(»») 

(»») 

(»») 

(T41) 


(•!•) 

(•!•) 

(0t«) 

(•It) 

(•!•) 

(•••) 

(•••) 

(••) 

(••) 

(•!•) 


CNQ 


CiNiOi 

CH>NH».Ha 
CtNaOHa .... 
CNI 


CNS-..., 

HCNS 

NHiCNS 


HSbOCaHaOa 

H8bOC4H40i.4C4HiO«. 


SiOi 


6iO> 


(a QOArtj) 


810.^ 


qujfta) 


SiOt, 

SiOi 

SiOj' 

SiOi 


(O eriitobftUu IIM) 
erittoboliU lt«) 
(a erktobftliU i«d) 


'(0 enatoboliU ■•t'O) ' 

trhlymit«) 

(«e« alio p. 106) 

SiOi.HtO 

SiOtm.iBfO) 

8iOi«D H|0) 

SiHa 

HaSiOa 

SiF* 


SiF- . . 
HiSIFa 


B«SiF«.4BiO 
SlCTa 


SlBra 

8il«. 


SlSl()r»|lo«), 
«|N4 


(NBilaSiFa 


81C 

(CtB«0)«8i0a 


n... 

TiOt 


Carbon. — (Continued) 


got 


liq. 


aq. 


aq. 

aq. 

aq. 

e 

aq. 

e 

aq. 


- 163 

- 118 

29 

30o 

105 

- 177 

- 188 

- 76 

- 77 
81 
57 

1461 

6467 


Hg(CN)» + 
Clt: A 


+0»; A 
N. 
+O1 

KCN + I 
100 

KCNS 

N 

-23.7** 

N 

+ HF; A 
HSbOCiHiOa 

+C4H«Oa 


(»•) 

(«) 

(414) 

(Til) 

(•!•) 

(»•) 

(TO) 

(”) 

(»•) 

(“) 

(•••) 

(441) 


amorp. 

fit. 


Silicon 

0 

- 4 

83o 

842.6 


Def. 

6i+Ot; A 
Si + Oi 

+HF 


839.5 


838.9 


coll. 

coll. 

coU. 

fat 

eoU. 

got 

aq. 

200 

4 

Uq. 

fat 

Uq. 

Uq. 


aq. 


Uq. 


826 

827 

825 

5o 

1397 

1512 

2289 

2281 

2264 

3303 

597 

624 

383 

116 

134 

121 

634 

2592 

2657 

6 

1309 


Tr.: 

+ HF 
+ HF 

Tr.:0.2(^^j J 

Tr.: 

0. l(a tridxmite) 
+ HF 
+ HF 

dittoc.; A 

* SiOt CD I 

HF + 8IF1 

NaiSiFa 
HF + 8iOi 

dil. 

33 

-*Uq. 

Si + Cli: A 

MOO I 

86 * < 

*^itooo 

39** I 

46** ' 

610* + Ni + M 

Ot* 


I (tot, 1011 ) 

(III, 111, 
lOlf) 

(T40, 111, 

1041) 

(1041) 

(1041) 

(1041) 

(1041) 

(1041) 

(1044) 

[T40) 

[T40) 

;roi, toil) 

(404, 401, 

loot) 

(444, 40l| 
ttOI) 

(1000) 

(1040) 

(T44) 

(44. T.t, •••) 

(«) 

(«) 

(••T) 

(ItT) 

(411) 


-3*?.oo 

SIFa + 
NHaF: A 
Ot: A 
90 


(1441) 

(tool) 

(T04) 

(T44) 


Thanliun* 


amorp. 


0 

910 

896 


(ID 


**^^*(nD iratfl*) 
^®*(II> • 

TlOijjj. . . . 

TiOi(iii) u 

^^•vlD* ■■ 
TIOijij .... 

TiOa.iHfO 


I>ef. 

Ti + Ot; A 
n + 0»;A 

Tr.: 1.3f« j 
Tr.:3.lJ,7j 


(T04, I***) 
(TOO, 10**1 

(•••) 

(•••) 


Tr.i (•••) 


eoU. 


HF-.. 

HtliFa 


880 + 
xHiO 
2327 

2331 


r., *. (II) 

analogy 


(le*) 


KaiTlFa 

TIO«.*BiO+ (•*•) 
HF 


• Tiaa (brown) beat of oolutlon 48.6, TICIa (blue) heat of oolutlon 46J 


THERMOCHEMISTRY: 16 TO 23 




Formula | 

State 1 

0 . kj 1 

Method 

Lit 

Titanium.- 

—(Continued) 


TICI 4 

Uq. 

708 

242^* 

^^1000 

(1*7, 0^ 

HiTiai 

aq. 

I 860 

Tiai + Ha 

(070) 







Zirconium* 



Zt 

e 

0 

D«f. 


ZrOt 

sit. 

748 

Zr + Oi 

(1040) 

Zr(OH )4 

ppt. 


N 

(170) 

ZKXTls 


1 

1 

1 


1 

2rOCli.2HfO 

t 


07 

( 100 ) 

Z70ai.3*Hi0 

c 


38 

( 100 ) 

ZrOCiaOHfO 

c 


3 

( 100 ) 

ZrOa*. 8 HfO 

0 


-13 

1 

(*••) 

ZrOBri.ajHfO 

® 1 


87.7 

(171) 

'ZiOBrt.8H>0 

e 


-8.4 

(171) 

ZrO(NOi)>.2HtO 

0 


9.1 

(171) 

ZrO(NOi)i,?HfOC?) 

c 


- 2.1 

(171) 

ZrO(NOi)t.diHiO 

c 


- 8.0 

(171) 

ZrO(NOi)t.0HjO 

€ 


-34.7 

(171) 

Zr0804.4H>0 

0 


43 

(171) 

Zr0804.80i 

t 


137.2 

(171) 

Zr0S04.Hj804 

e 


80 

(171) 

ZrC 

0 

140 

ZrO + C* 

(810*) 



Formula 


Stato 


Lead* 


Tin 



c 


D.f. 

T'-: 2 - 2 L.™,.) 

8 n(t«tnt«.) 

c 

0 

0 

- 2.2 

waai^n^^ •*•• ••••••••♦•• 




•q* 

aq. 

0 

lo 

BoOlj 



4 

8na4 



6 nO 

292 

+ 0 . 

RnOarf** A\ . . 

1 

0 

578 

8 n + Ot: A 

8 nO- 

aq. 

c 

466 

NatSnOi 

”“^^1 

6 DOi/II) ...... 


Tr.: 1.3«f,j 

TV . 1 q4>0 
IT., 

SoOt + 

1 

RoOft/It • • • 

0 


8 n(OH)i., 

coU. 

570.7 

HdSDOdiifMki 

eoll. 

1357 ' 

NaOH 

8na4 + KOR 

SnFr 

«!• 

aq. 

c 

1903 

N - HtSiF4 

HiBiiVd 

1907 

80 OI 4 HF 

Snai 

330.6 

1 . 61 " 

BoOlMawnt. 

an 

341 1 

100 
+ Zn; A 
- 22 . li* 

8 oai. 2 HtO 

0 

930 

6na4 

Uq. 

Sao 

aq. 

an 

633 

100 

126.2*® 

6 Da«jHGI> 

406 

668 2 

-4Bq. 
6 nai + 
HaO; A 
KtSnai 

• 8004 + 
Ha 

— 7 

sna* 

988 

089 

267 

261 

380 

308 

407 

I 60 

188 

614 

678 

1067 

884 

487 

686 

760 

1009 

268 

806 

400 

037 

968 

lOo 

HifinC^a ..... . . 

an 

BnBn 

c 

SnBtf 

60674 

aq. 

Uq. 

e 

aq. 

A 

0 

+Ka 

- 4 C»‘ 

60 

Siia 4 + KBr 

1 

1 

Soil 

Bnai. 2 iNHi 

V 

aq. 

A 

anaiQ^j 

H-Ka 

+ 68 . 6 HC 1 

diaaoo.* 

^1 ft a 

6Dat.4NHi 

a# 

A 

8 nat. 0 NHi 

A 

BnHrt.NHi. 

A 

Qiaaoc.^ 

diaaoo.* 
+Ha; A 

8aBr».3NHe 

A 

8 iiBrt* 8 NBf 

A 

6 DBrt« 6 NBi 

A 

m 

8nBri.9NH« 

V 

A 

uiaaoc*^ 

diaaoe.* 

8 nIi.NHi 

A 

6nl».3NHi 

V 

A 

uiaaoo*^ 

BdUSKHi 

A 

+Ha; A 

BoIi^SMBi* 

A 

SoIaONBi 

A 

oiaaoo.^ 

SnS 

0 

cuaaoo*^ 

+Ht* 


(104») 
(141, let, 

eei) 


(111, 701) 

(»«■> 

(000) 

( 100 ) 

(070) 

(070, 1014) 

(071) 

(**, »7«) 

(710, 071) 

(04, 111, 071) 

(•4» •TO) 

(if. I, 1071) 

(00, 070) 


(04, 110) 

(•<) 

(14, 411,f 

001 ) 

(04, 014) 

(04, fit) 
( 100 ) 

(•M 

(»•••) 

(tlOO) 

( 100 *) 

(too*) 

(too*) 

( 101 *) 

(too*) 

(»•••) 

( 101 *) 

( 100 *) 

( 100 *) 

( 100 *) 

( 100 *) 

( 000 *) 


• Ineludao 0-3 % Hafnium. 


Pb 

0 

0 

Pb(»tiok> 

0 

- 0.3 

Pb^ 


2 

PbOtrwJ) 

0 

210.0 

iwi 

0 

262 

PbtO 

0 

214.6 

Pbi04 

0 

729 

Pb(OH)i 

ppt. 

676 

PbFi 

c 

667.1 

Pbai 

0 

368.5 

1 

aq. 

331.1 

Pbai.PbO 

c ^ 

697 

PbCli.2PbO 

c 

820 

Pba..3PbO 

0 

1037 

FbBrt 

c 

277.3 


aq. 

236.3 

PbBr*.PbO 

c 

601 

PbBrr2PbO 

c 

717 

PbBrt.3PbO 

0 

036 

Pbli 

c 

176.1 

PbIe.HI.6HsO 

e ^ 

1678 

PbS 

ppt. 

03 

PbSO<a) 

0 


**‘>804^,1, 

0 

898 

PbSeOs s 

0 

616 

PbSiOd 

aq. 

1160 

Pb8i04.4ni0 

c 

2330 

PbSiOi 

0 

1110 



1007 

PbSe 

ppt. 

1 

99 


0 

62 

PbSe04 

0 

627 

PbTe 

c 

23 (?) 

PbN* j 

c 

- 421 

Pb(NOe)i 

0 

463.2 


400 

421.3 


200 

423.6 


100 

426.7 


40 

431.8 

Pb(NO«)i,PbO 

0 

707 

Pbae.NHi 

0 

466 

Pbat.liNHi 

0 

606 

Pbai.2NHi 

0 

662 

PbCls.aiNHi 

c 

069 

Pbai.SNHi 

c 

1040 

2Pbai.NH4a 

0 

1032.7 

PbBri.NHe 

0 

888 

PbBri.2NHe 

e 

482 

PbBrt.aNHi 

0 

607 

PbBre.6iNHe 

*0 

777 

PbBft.8NHe 

c 

977 

PbIe.*NHe.., 

0 

228 

PbIi.NHi 

e 

279 

PbIe.2NHi 

a 

872 

PbIa6NBe 

a 

081 

PbIe.8NH« 

a 

606 

Pb80i.(NH4)eS04 

a 

9008.0 

PbHPOe 

a 

070 

PbCX>i 

e 

707 


ppt* 

703 


Method 


Def. 


Pb(NO»)t 
4-H.;* A 

+SO.: A 

+ H>Ci04 
dioooo.* 
Pb(N(5,)i-f 
NaOH 
Fb(NOi)i + 
HF 

Pb + Cl,*; A 


-27.4 
70HC1 

167hci 

266hCI 

K.C4H40i; a 

104HBf 
2O0HBr 
SldHBr 
Pb + I; A 

- 10 ” 
too 

Pb(NOi)i + 
NaiS 

Tr.; 17.0j[*j*j 

PbCNOi), + 

H18O4: A 
NaiStOi + 
NaCtHiOi 
Pb+^ + SiOri 

400 

- 20.0 
ions 

Pb(CtHiOt)i 
+ HtSe 
4 *Br aq.- 
NatSeOi + 
Pb(NOi)i 
+ Br 
diiioo. 

400 

dit 

PbCli + 
HNOa; A 
dit 
dit 

Pb(NO,), + 
NaOH 
disooo.* 
disooo.^ 
diasoo.* 
disooo.* 
disooe.* 
PbCli + 
NH^CI 
disaoo.* 
dioeoe.* 
dlasoe.^ 
diosoo.^ 
diaaoo.* 
diasoo.* 
diaaoo.* 
diaooe.* 
diaaoo.* 
disaoo.* 
Pb804 + 
(NH«)i 804 

NaiHPOt + 
H>(N0.)* 
+HNOi 
+HNO 1 


(40»*> 

(Oil,* ooo**, 
laoi*) 

( 174 , oao,* 

TOO) 

(Oil) 

( 010 , sot*) 

(00, 070) 


(404 


) 


(110, ISO, 
140,* 410,a 
004,* 700) 
(00, t40,t 
070) 

(“) 

(»>) 

(“) 

(ISO, 070) 
{071) 

(**) 

(»>) 

(“) 

(110, ISO, 
410,* 007) 

(ISO) 

(00, 000, 007,* 

070) 

( 1001 ) 

(070) 

(BOO) 


(070) 

( 000 ) 

( 010 ) 

( 100 ) 

( 000 ) 

( 101 ) 

(till) 

(14, 000, 070) 

(070) 


(070) 

(114«) 
(104*) 
(704*^ 110) 
(104*) 
(104*) 

(144) 

(104*) 

(104*, IIS*) 

(104*) 

(104*) 

(104*) 

(104*) 

(104*) 

(104*) 

(114*, 111*) 

(104*) 

(»•) 

(•) 

(»•• •••) 

(OOP. 070) 


• AUoyi with Sn («••). 


184 


INTERNATIONAL CRITICAL TABLES 


Formula 


I State 


Q. kj 


Method 


Lit. 


PbCOi.PbO 
PbCOi.2PbO 
PbC,0« 


Pb(CHOj) 


Pb(CH*COj) 


Pb(CHiCO,),.3HiO 

PbO.Pb(CHjCO,),. 


Pb(CN)i.2Pb0.H,0 
Pb(CNS)i 


(?) 


Th . . . . 

Th*+*+ 

ThO* 

ThH4 

Th (OH )(((iried DPt )- ■ 

Ths(OH )4(ooDdeoa«d) 

TbCU 


ThCli.2HiO 
Tha4.4HfO . 
Tha4.7H,0 
Thai.SHiO 

ThOCl, 

ThCl»0H.H,0 
ThBri 


ThBr4.7H,0 

ThBr4 lOHiO 

4nBr4.12HtO 

ThOBn 

Thn 

ThOIi 

ThOIi.JHtO 

ThIi.OH.lOHiO 

Th (804)1 

Th(S04)».4HfO 

Th(804)j.8Hi0 

Tha4.2NH4Cl 

ThCl4.2NH4a.lOHtO... 

ThC)4.4NHi 

Tha4.6NH,(^j 

(Th.6NH,ICl4(fl) 

Tha4.7NHi^^j 

(Th.6NH,ia4.NH.(^j... 

Tha4.12NHi(„^ 

(Th.flNHiia4.6NHi(^j . 

Tha4.18NHi(^) 

|Th.6NH|la^.l2NH,^pJ 
Tb(CX)i)f 


In 

In^** 

lofOi 

Ina 

InCIi 

InCli 




InBrt 

Inli.. 


lDa».NHa. 
lBa».2NHa 
Inaa.aMH> 
lna ». 5 NHi 

Indiom amalcaina. bent ^ dilution 


• • « • 


Lead. — {Contin aed ) 



c 

c 

0 

0 

aq. 

o 

aq. 

c 

c 

c 

c 


028 

1151 

863 

859 

830 

979.3 
985 4 

1867 

1226 

1 

523 

120 


+ HN0» 

diseoc.* 

Pb(NO,)» + 
K 1 C 1 O 4 
-29'o 

Pb(OH)i + 
HCHOt 

220 
PbC + 

HCiHiOi; A 

Pb(CiHjOj)i 
4* NaOH: A 

Pb(CjH40i), 

+ KCNS 


(••a, 103S) 
(lOOS) 

(»•. ••») 

(»») 

(81) 

(»•) 

(85, 97«) 

(81) 

(876) 

( 886 ) 

(885) 


Thorium 


c 

0 

Def. 


aq. 

998 

ThCh 


c 

1385 

Th + 0 . 

(848, 1088) 

c 

- 179 

disaoc. 

(484) 

ppt. 

1407 

-i-HCl 

(848) 

ppt. 

1360 

-f-HCI 

(148) 

0 

1402 

237«»; A 

(848, 1088) 

aq. 

1641 

Th -f Ha 

(848) 

c 

2041 

171.9 

(844) 

c 

2675 

109.8 

(848) 

e 

3582 

61 

(848) 

c 

3882 

47.9 

(848) 

c 

1410 

117.8 

(248) 

c 

1669 

199 

(848) 

0 

1176 

293.7 

(848) 

aq. 

1470 

ions 

(848) 

c 

3379 

94.4 

(848) 

e 

4291 

41.2 

(848) 

c 

4895 

10 

(844) 

c 

1334 

117.0 

(848) 

aq. 

1221 

ions 

(844) 

e 

1212 

90.1 

(848) 

c 

1781 

42 

(844) 

c 

3812 

35.3 

(348) 

aq. 

2770 

ions 


c 

3893 

21 

(861) 

c 

5090 

-31 

(881) 

c 

2069 

166.6 

(848) 

c 

5114 

-16 

(848) 

c 

1020 

258Ha 

(848) 

c 

2142 

306. Oea 

(848) 

c 

2297 

UShO 

(148) 

c 

2194 

346.3HCI 

(844) 

e 

2435 

142.9HC1 

(848) 

c 

2672 

585hci 

(148) 

c 

2864 

392hc1 

(148) 

c 

3127 

896Ha 

(848) 

c 

3304 

719hci 

(148) 

(?) 

3579 

ThS04.4HtO 

-f kk:oi 

(861) 


c 

0 

Def. 


aq. 

113 

InQa 


c 

100 

+ 0, 

(118) 

c 

187 

■bKBr + a» 

(1088*) 

c 

363 

•h KBr + Oi 

(10886) 

c 

538 

In + a> 

(10086) 

•q- 

608 

7lHa{n) 

(10886) 

e 

407 

65Ha(»*) 

(10886) 

aq. 

472 

ions 


e 

136 

**4Ha(M) 

(10886) 

aq. 

280 

ibos 


e 

675 

64Ha(H) 

(10886) 

c 

806 

66Ha(»J) 

(1 0886) 

e 

034 

70HCa(s*) 

(10886) 

e 

1125 


(10886) 


Inai.7NHi 
Inai.lSNH, 
loBn.aNH). 
InBn.SNHi 
InBri7NHi 
InBn.lSNHi 
Inli.NHi .. 
InI..2NHi . 

l n l i. 5NH. 

l n l j. 7NHi 
InliONHi... 
Inli.lSNHi . 
I 11 I 1 . 2 INH 1 . 


(I) 


TI 

Tl* 

T1+— 

TltO 

TlOH 


TI(OH), 

TIF 

HTlFi. 

Tia.. 


Tiai 


TlCli.4H»0 
TIBr 


TlBn 

TlBr,.4HiO . 

TIBrjO 

TlBriC1.4HiO 

Til 

T1»S 


T1tS04 


TliSe 


TliTc . . 
TlNi. . . . 
TINO,.,, 

TlNOj 


(ID 


TINO 


'(III) 


TICT.3NH1 

TlBr.3NHi 
TlI.3NHi. 
TlOCtH*. . 


TlCiHtOi 

TIONC.. 


Zo 


Zn** 

ZnOdxiMd) 


ZdOu 


OW UlDp.^ 


Indium.- 

-(CorUinued) 

C 

1288 

dissoc.* 

c 

2246 

dissoc.* 

c 

797 

72Ha( >0 

c 

1001 

129Ha(M) 

c 

1170 

228hcI(«» 

c 

1810 

diasoc.* 

c 

367 

dissoe.* 

c 

486 

59HCl(if) 

c 

826 

116Ha(M) 

c 

1012 

194Ha(M) 

c 

1176 

disaoc.* 

c 

1401 

dissoe.* 

c 

2101 

dissoe.* 


(lOflO) 

(»••••) 

(«•••*) 

(>••••) 

(*••••) 

(*••••) 
(t e»te) 

(ie»t«) 

(<••••) 

(I4ff«) 

(*•«•) 

(>•*••) 

(tetie) 


0 

c 

aq. 

aq. 

0 

c 

aq. 

c 

aq. 

800 

o 

aq. 

c 

aq. 

c 

0 

aq. 

c 

aq. 

c 

e 

c 

0 

800 

200 

c 

ppt. 

0 

c 

0 

o 


aq. 

c 

0 

0 

e 

CtHiOH 

aq. 

o 


Thallium** 

0 
4 

- 123 

176.4 

238.0 

224.8 

607.1 

323.5 
637.4 

203.8 
161 

337.9 

373.2 

1527.1 
171 .8 

238.1 

1300.2 
282 

1438.9 
126.0 
02 


Tr:0.2lJ» 

Def. 

TlOH 

TlBri 

-13.2«;, 

+Ha 

+ HBr 
N 

HF 4- TIP 


(1641) 


(16, fTI) 

(4**. 

(6T6) 

(874) 

(488, T#l) 

(788) 

Tl 4-PbCli*; A| (488, • 874) 
— 42’* 

’^4400 

4-35. 3io* C*^*) 

ions C*^*) 

-8.9im 
T1*S04 4- 

HBr; A (•»•) 

4-80t (»»•) 

-9.44B0 C*^*) 

TlBn 4- TlCli (*^») 


911.4 

876.8 

878.2 

5o 

5o 

30 

229 


246.1 

204.4 
431 
308 
353 
230 
232 
488 
• 109 

Zinc* 


-12.1fM 

TltSOi 4- HI 
Na«S 4- 
TlNOi 

N; A 
dU. 

4-Br 

TlCtHiO* -h 
HiSe 

4-Br 
diasoo. 

Tr;3.2|,V, 
Tr: i.OJfn) 

N 

diaaoo.* 
dlssoe.^ 
diseoe.* 
- 2.2 
n 4 - CtHiOH 
N; A 
dissoo. 


(874) 
(874) 

(874) 

(874) 

(874) 

(488, 874) 
(181) 

(881) 

(881) 

(1118) 

(8I48) 

(8I4*) 

(874) 

(874) 

(184) 

(184) 

(184) 

(488.1) 

(488.8) 

(488) 

(1118) 


e 

0 

Def 

saa 

-131 

-♦ 0 * 

aq. 

153 . 

ZnSOi 

0 

353 

1 

1 

Zn + Oi: A 

1 

0 

340 

1 

1 

1O5.6H|0O4<8»): 



A 


(888,6 

814.6 

484.6 

488.6 


448.6 

817.6 

417.6 

788.6 


• T4,6 1 8486) 
(444) 

(14, 88, 887, 

888,886,488, 

488, 484,7ll» 
786.8, 1647) 

(886,688,684) 


• Tl,SO«.10NHi (848). ThaUium amalgams (•••' •»»). 

• For heat of diseodation of the amminee of various sioo salts, s. (•••» * 

Alloys with So (***). 


THERMOCHEMISTRY: 28 TO 29 


185 


Formula 


I Stote I Q, kj 


Method 


Ut. 


Zinc. — {Continued ) 

Sbi(OH)t(T) e 663 

Zd(OH)i amoip. 642.3 

ZnCOH)».H« 0 (anllB. amorp. 628.5 

ZnOa 3 HiO e 1066 

ZnO.^HiO 0 454 

Zn«0».2Hi0 fi 1543 

ZnFt aq. 804.8 

Zndi 0 416.6 

400 482.4 


200 
100 
50 
20 
10 
5 

ZdC 1 i. 3 Zd 0 . 6 HiO i e 

ZDCIt. 4 Zii 0 . 1 lHtO I e 

ZoClt. 5 ZDO. 8 HiO I c 

ZQClt. 8 ZnO. 10 HtO ...... i o 

ZoBrt i 0 

400 

ZDBrs. 4 Zn 0 . 13 HtO o 

Zoli I c 

650 

ZnIt. 5 Zo 0 . 11 HfO I o 

Zo 8 1 0 

ppt. 

ZoSOt mq. 

Z 0 BO 4 0 

400 
200 
100 
60 
20 

ZDSOi.HfO 0 

ZoS 04 . 6 HiO o 

ZnSO«. 7 HfO o 

ZoStOt aq. 

ZoSaOt 400 

ZoB«O«. 6 H #0 0 

ZnSe.... 0 

ppt. 

ZoTe a 

ZoNt 0 

ZnlNOi)t 400 

200 
100 
50 
20 
15 
10 
8 

ZolNO«)t. 8 HiO I e 

Zn(NOi)i.OHtO o 

ZnCli.NH» o 

ZoClt. 2 NHi a 

ZDClt. 4 NH» o 

ZoClt.ONHt 0 

ZoCli.lONHt o 

ZDCIt. 5 KH».HfO a 

Znat. 3 NH$.iHtO a 

ZD^ 2 t.ZD 0 . 8 HH 4 d a 

SZaClt.eNH 4 a.H 1 O a 

8 ZDat.ZoO. 10 NH 4 Cl. ... a 

eZoaaZnO.lSNHt | a 

ZoBraNHi a 


460.8 

477.3 

471.0 

461.0 

466.4 
448.6 

2652 

5040 

4536 

6188 

326 

380 

5517 

208 

257 

8036 

102 

173 

616 

060.5 

1038.1 

1038.1 

1038.0 

1037.8 

1036.4 

1282.4 

2760 


3050.2 

818 

1801 

3028.0 
140 
181 

130 

213 

560.4 

560.7 

560.0 

570.2 

570.0 

560.0 

565.2 
556 

1450 

2811.1 

566 

693.2 
884 

1068 

1870 

1281 

757 

8254 

3478 

8822 

5680 

514 


79h^O«<m») 
ZnSOt + 
KOH: A 
+H. 8 O 4 
62.3H^i(m> 
64.8H^4t»») 
201.4 h^4(m) 
Zodt 'f- AgF 

Zo + Hd; A 


dil. 

dU. 

diL 

dil. 

dU. 

dU. 

257hct 
321hO 
400Ha 
621hC1 
62.0 
Zn804 + 
BaBrt; A 
326HBr 
49 ; A • 
Zd + It 
484 HI 
-j-NaiOi 

ZnCCtHiOt)i 

+ HtS; A 
Zn + 80t 
77.6” 

400 

4*NaOH: A 
dil. 
dil. 
dU. 
diL 

41.8” 

400 

-3.5” 

400 


- 17 . 0 ” 

400 


iona 
iona 
-0.4 
+ Bri 

Zo^CtHtOtlt 

f NatSe 
+Br 
diaaoe. 
iona 
dU. 
dil. 
dil. 
dil. 
diL 
dU. 

eztrap. 

-►Uq. 

diaaoe.* 
+Ha: A 
-fHa; A 
+Ha: A 

diaaoe.* 

IOOhcI 

37.5hcI(i»0) 

40Ha 

27 

68 Ha 

400hcI 

diaaoe.* 


(444, TIT) 

(444, 4T4) 
(444) 

(444) 

(444) 

(444) 

(T44) 

(44, 411, 4T4) 

(144, 147, 
444, 474, 
414, 444, 


') 


(474) 


(>>) 

(“) 

(“) 

(") 

(11, 474) 

(411, 4T4) 

(") 

(1444, 14444) 
( 1044 ) 

(444) 

( 714 ) 

(40, 474) 

!»•) 

(444, 444,4 

474) 

(474) 

(444, 474) 
(474) 


(444, 4744) 

(147, 444, 

444,4 74»,i 
444,4 474) 
(414, 444, 

444, 474) 


(474) 

(444) 

(444) 

(441) 

(1114) 

(474) 


(1144) 

(741, 474) 

(?•»*) 

(144, a 444) 

(144,4 444) 

(144,4 111,4 

114,4 4444) 

(144.4 4444) 

(*») 

(”) 

(”) 

(»*) 

t»») 

(**) 

(1414) 


Formula 

1 State 

1 Q.ki 

1 Method 

I Ut. 


Zinc. — (Continued) 


ZnBraONHt 

0 

644 

diaaoe.* 

(144,4 4444) 

2iifift.4NH9 

e 

849 

diaaoe.*; A 

(11, 141, 111,4 
4144) 

ZnBrt. 6 NH« 

e 

1032 

diaaoe.* 

(1414) 



0 

1310 

153BBr 

(»*) 



0 

345 

diaaoe.* 

(1444) 

Z&Ita3NHi. 

6 

471 

diaaoe.* 

(144*4) 

Znlt.4NHt.. 

0 

605 

03.6hi; a 

(141,4 111) 

ZaIs^ONH^ 

c 

878 

diaaoe.* 


Zn(NH 4 }t(S 04 )t. 2 Ht 0 .... 

e 

2735 

diaaoe.* 

(1414) 

Zn(NH4)i(804)t.6Ht0... . 

0 

3062 

-56 

(444, 444) 

ZnCOi 1 

1 

ppt. 

k 

1 

800 

ZnS04 + 
NatCOt 

(••) 

ZnCt04.2Hi0 

0 

1662 

ZdS 04 + 
KtCt04 

(••) 

Zn(CfHi)t 

Uq- 

31 

820HCt: A 

(447) 

Zn(CHOt)i 

c 

061 


(■•) 


260 

078 

ZnSO. + 
N.CHOi 

(••) 

Zn(CHOi)f.2HfO 

e 

1660 

- loiJ. 

(”> 

ZD(CtH«Oi)t 

c 

1003 


(»•) 


400 

200 

100 

60 

1134.1 

1130.4 

1126.0 

1120.0 

Ba(CiHtOt)s 
+ ZD 8 O 4 : A 
dO. 

da. 

diL 

(44. »74) 

1 

1 

Zn(CiHiOt)i.HfO 

c 

1392 

20 ** 

400 

(”) 

ZD(CtHfOi)t.2HtO 

e 

1680 


(••) 

ZnlCN)i 

0 

- 68 

i4Ha 

(141, llS) 

8 Zn(CN)t.ZnO 

9 

167 

OShO 

(111, 444) 

ZnSiOi 

0 

1 

1100 

358HFiJi%) 

(744) 

ZntSiOd 

Cl4. 

1450 

4ieBPaM} 

(744) 


0 

1487 

870HF(ti%) 

(744) 

ZnSnt.« 

0 

- 25 

+Br 

(411) 

ZaSn^.t 

e 

- 54 

+Br 

(411) 

Zn 8 n«.u 

c 

- 17 

+Br 

(411) 

Z 0804.1 

c 

Cad 

- 21 
miuni® 

+ Br 

(411) 


Cd 

Cd 


(«) 

ifi) 


Cd** 

CdO 

Cd(OH)i(ordJli,, ppt.). 

CdFi 

Cdd* 


Cdat.2|HiO. ... 

CdaUHtO 

Cdat. 2 Ha. 7 HtO 

CdaaCdO.HiO . . 

CdBn 

CdBrt.4HtO 

CdBrt.CdO.HtO . 
edit 


0 

e 

6 


aq. 

o 

ppt. 

1200 

e 


400 

200 

100 

60 

20 

10 

e 

0 

0 

o 

0 

0 

400 

e 

e 

e 

400 


0 

- 0.23 

- 112 


Def. 

<•4. 


73 

273 

4 

550 

721.0 

389.2 


Cd(NO#)t 
Cd + O; A 

CdSOt + 
EOH; A 
CdCTt + AgF 
13.0” 

490 


402.1 
401.3 

400.6 

400.1 

807.6 

300.7 

686.5 

1120.0 

1038 

2744 

088 

* 

317.2 
310 

1404.1 

Oil 

202.5 

108.5 


diL 
dU. 
lUL 
dU. 
dU. 
dU. 

-^ 2 . 3 ”; A. 

diaaoe.* 

- »o!{ 

1 . 8 ‘» 

•400 

Cd + Br; A 


Cd + It: A 
— 4 . 0 '* 

400 


(4444) 

(114,4 414,4 

•70,4 447,4 

14444) 

(144) 

(414,714, 

T44«t) 

(•74) 

(744) 

(147, 1444 

441,4 iia,* 
441, 444, 

^71, 474) 
(474) 


• Cd(aOi)t.6NHa. Cd(aOt)i.4NHa 

Alloys with Pb, 8o (•••). 


Cd(IO«)a4NHi; beat of 


(144, 474) 

(4W4) 

(144,<»4 4444) 

(14144) 

(144) 

(•••) 

(•70) 

(•««. 714 , 

474) 

(474) 

(444) 

(144,4 4444) 
(144, 441,4 

!l!i 

diiaoc. (*«*•), 
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Formula 


i State I Q, ki 


Method 


Ut. 


CdIi.CdO.HtO 
CdS 


Cadmium. — (Continued) 


CdSO 


Cd804.2.67Hf0 


CdStOt 


CdSe 


CdTe. 

CdNi... 

Cd(NOt)i 


Cd(NOi)t.HiO 

Cd{NOi)i.4HtO 

CdCli-NHi 

Cdai.2NHi 

CdCIi.4NHi 

Cdat.4NH4a 

Cdat.eNHi 

Cdat.lONBi 

2Cda..2NH4Cl.II,0. 

CdBrt-NHi 

CdBri.2NHi 

CdBn.eNHi 

CdBrt.l2NHi 

2 CdBrt. 2 NH 4 Br.HfO 
CdI».2NH, 

CdIi.6NHi 

2 CdIt. 2 NH 4 I.HtO.. 

CdS04.4NHa 

Cd804.6NHa 

CdSb 

CdtSbi 

CdCOi 


Cd(CN)i 

Cd(ONC)i 

Cd(CN)i.Cd0.6Hi0 

CdZn(t.M) 

CdZii(i,u) 

C<lZxi(t.«i) 




He 

Hei 
HiO(nd)- . 
HcO(srdb*) 


» • • 


HcjO. 

HeQa 


HsiOa 


Hcdt.HeO . . 

HgClt.2HBO 
HeCit.3HeO 
H eClt.4H«0 

• Amalgame. <f. other metale. 
<•▼»). Tl 


c 

756 

108. 2J>, 

0 

142 

+ NatOt 

ppt. 

146 

CdSOi + 
NatS 

0 

912.0 

44 7** ■ A 

400’ ® 

400 

056.72 

dU. 

200 

055. • 

+ BaClt: A 

100 

955.24 

dil. 

60 

954.40 

dil. 

30.6 

952.20 

dU. 

20.6 

950.81 

dU. 

15.6 

048 . 86 

dU. 

13.6 

945.37 

dil. 

c 

1709.2 

400 

aq. 

1221 

BaStOt + 
CMSO 4 

ppt. 

9o (7) 

CdSOt + 
NatSe 

c 

7o 

+ Br 

e 

66 

+ Br 

c 

- 445 

diasoc. 

400 

489.9 

CdSOt + 
Ba(NO,)t 

c 

758.6 

400 

e 

1655.7 

-21.1** 

400 

e 

610 

dissoc.* 

c 

630 


c 

806 

dissoc.* 

c 

1651 

-67.6'» 

c 

091 

disaoc.* 

c 

1292 

ditaoc.* 

c 

1720 

-44.9*« 

c 

438 

diaeoc.* 

c 

652 


c 

917 

diaeoc.* 

c 

1383 

diaaoc.* 

e 

1485 

-60«» 

0 

410 

so<„\. & 

c 

779 

diaaoc. ♦ 

c 

1126 

-66.0>» 

e 

1307 

diaaoc.* 

c 

1407 

diaaoc.* 

0 

11 

+ Brt 

c 

17 

4- Brt 

ppt. 

748 

CdSOt + 
NatCOi: A 

c 

- 164 

* 

c 

1 

- 151 

diaaoc. 

c 

1056 

*^H»904' * 

0 

- 16 

+ Brt 

e 

- 29 

+ Brt 

0 

Me 

- 26 

)Tcury* 

+ Brt 

liq. 

0 

Def. 

gao 

- 60.2 

-liq. 

aq. 

- 174 

Hg(NOt)t 

aq. 

- 168 

Hgt(NO.)t 

e 

01 

+Hgt; A 

ppt. 

87 

Hga, + 

KOH; A 

0 

00 

HgtCli + 
KOH; A 

e 

223.6 

-13.9*» 

100 

aq. 

210 

+ KI; A 

ppt. 

263.7 

+KI: A 

e 

817 

®®Ha 

e 

400 


e 

406 


e 

683 

289hci 


(»••) 

(7It) 

(»7«) 

(tfOO) 

SX5) 

(•7.) 

(•a»t) 


(fai» set,* 

»«it) 

(•’•) 

(150, 

(ISO, 

(151) 

( 1111 , 

(#7t, 

(•75) 

(»75, 

(1011*, 

(»55, 1051*) 

(1051*, 

(•55) 

(114,* tool*) 
(lOtl*, 

(•55» I051) 
(I05I*, 

(•55. 1051) 

( 111 *) 

(1051*, 

(•55) 

(•55*, 

( 111 *) 

(•55) 

(115*) 

(111.* 515*) 
(155) 

(155, 

(•75, 

(555, 

(IIll, 

(555, 

(511) 

( 111 ) 

(511) 


(142, 1005, 
(I0», OTt) 

(•75, 1545, 

(52, Oil, •!•) 

OTO, 

(425,* 527,* 
•re, tool, 
t««5*) 

(ii.it) 

(It, It) 

(ii.it, 

Amalcamt with Bn, Cd, Bl. Pb.*. (*■*). In 


( 


• ••.5, 752.f) 



HiHgCl 


HgBrt 


HgtBrt 


HgBrt.HgO, . 
HgBn 2HgO 
HgBri.3HgO . 
HRBrt.4HgO (?) 

HtHgBra 

Hglttred) 


Hglti^ellow) 

Hgtltcyellow) 

HgiIt(yel)ow>5re*a) 


HiHglt . 

HgS<red) 
HgStred) . 

HgStbUek) 

HgSOt.. 


HgtSOa 


3Hg0.80t 

HgS04.2HtS04 


HgSe 


Hgt(Nt)t 

Hg(NO,)t 

Hgi(NOi)i 

Hgt(NOa)t 


Hgt(NOt)t.2HtO 


(Hg(NO,)t)t.HtO 

Hg(NOt)i.2HgO.HtO 
(HgtN)tO 


(HgtN)tO.HtO 

(HgtN)t0.4Ht0 

(HgtN)t0.6Ht0 

(NHgta)t.HiO 


(NHgtCl.HK))! 

Hgat.2NHt. . . 
Hgat.8NHi. . 
Bgat.QINHi. 
BgtClt.2NHi . . 
NHgtCl.NH4Cl 
NHgta.3NH4a 
(NHgtCl)t.NHi. 
NHgta.NHt . 
(NHgtait.HgCli 
HgBrt.2NHt.. 
HgBrt.8NH«. . 
(NHtlt. HgBrt. 


NHgtBr 

(NHctBr)t. HgBrt 
(NHgtBr)i.HgBri 
NHgtBr. NHtBr.. 
NHgtBr.aNHiBr 

HgUINHa 

HgIt.2NHt 

HgIt.8NH« 

HgCtOt 

Hg(CtHiOt)t 


Btato 

Mercury. 

aq. 


Q. ki 1 M ethod 

(Continued) 


aq. 

ppt. 


M8 

174 

160 

200 


HCl + HgClt 
Hg + Brt: a 


.1411 

**KBr 

+Br;* 


(Tie.trt 

ItM) 
(Tt5, 97 %- 
1441) 

(144) 

(T44, •74, 


t $ 




!•••) 

c 

270 

148.6^Br 

0 

360 

291*b, (>*.*«) 

0 

453 

430.6^Br 

c 

524 

672»b, (**.**) 

1600 

424 

HgBrt + HBr (*•*» >•!») 


106 


03 


|Hg + I + KI;| (»•••) 
k 

Tr.;'13*.^) 1 (147, 144) 


e 

120.8 

4-KI; A 

'(*•••) 

ppt. 

120.2 


(ittt) 



A 


aq. 

357.1 

Hgit + HI 

(7lt, ItOI) 

c 

45.6 

HgSfbUok) 

(»•••) 

amorp. 

45.4 

HgS(bUtik) 

(1004) 

amorp. 

44 

HgCIi + HtS 

(••) 


4HtS04- 

( 100 ) 

0 

c 

100 

200 


660 

701 

718.1 

800 

1666.6 

1560.4 


0 

17 

ppt. 

22 

0 — 

408 

aq. 

243 


249.0 

HNOi(lOO) 

245.6 

0 

870 

c 

782 


-fHa; A 
HgSOt + 
HtSOi 
+KI:* 

38H|804(no) 

HgSOt + 
HtS04 
HgSOi + 
HtSOi 
+ Br 


' (loot, 
(loot, 

(tot. 101 . 
loot) 
(loot, 
( 1001 ) 

(loot, 

(•i0. 7400) 


HgClt + Nai8e (•••» ”••) 


o 

0 

aq. 

e 

e 

0 

0 

0 

0 

e 

c 

0 

0 

e 

0 

0 

e 

c 

e 

1500 

0 

e 

c 

e 

e 

0 

e 

e 

e 

e 

•g. 


1020 

322 

307 

23 

870 

1682 

23o 

631 

627 

032 

1046 

476 

602 

1212 

47 

66 

201 

398 

817 

670 

62 

91 

16 

238 

789 

181 

301 

610 

670 

820 

812 


diet 00 . 

+ NaOH 
Hgi(NOi)i + 
KCl 

Hgt(NOi)i.- 
2HtO + 
HNOa: A 
-52|{'0*; A 

- 6 .O 4 HNO 1 : 

A 

IOhNOi! a 
632mKCN 
+ KCN 
OIOmKCN 
687t4KCK 
677 mKCN 
NtHgi0.4Hi0 
+ HCl 

614t4KCN 
43Ha<l)r A 


(170, lilt) 
(•70) 

(*70, 

(•74. loot) 
(• 70 , loot) 


diteoc.* 
dioeoo.* 
228mKCN 
204t«KCN 
608llKC^t 
dioooo.* 
670mKCN 
86kCN(iO 
dioooe.* 
NHtBr + 
HgBi^ 
263mBCN 
+ KCN 
1007t4KCN 
210 mKCN 
+ KCN 
dioeoc.* 
OOxcKOO 


^HCl(l5t) 

— 17** 

*'440 

nai A 


(toot, 
(loot) 

(4tt) 
(4tt) 
(4lt) 
(4lt) 
(4tt) 
(4tt) 

(4tt) 
(I0tl«) 
(lOtl*) 

(lotto, 

(ftt, tIT, 
(4tt) 
(4tt) 
(420) 
(4lt) 
(4tt) 
(lOtlO) 
(lOtIO) 
(1011, 

(450) 

(4tt, 

(410) 

(410) 

(4tt) 

(*••*•) 

(lOtlO) 

(»••>•) 

(114) 

(114) 

(114) 


THERMOCHEMISTRY: 29 TO 01 


J87 


FcmnuU 


I 8Ut< { 0. kj i Method I 


Ut. 



Mercury. — (Conlinued) 


Copper. 


HcHt(CsH«Oi )4 


Bgs(CiHsO»li 

Hs(CtH«Ot)«.HcO . 


Hg(CN)t 


Hg(CN)4 ... 
Hg(CtNaO«) 


Hg(CN)i.HgO 

3Hg(CN)i.HgO... 

Hg(CN),.NH 4 CN. 

Hg(CN)t.2NH4CN 

HgCCN)s.HgCli... 


Hg(CN),.NH 4 a 

Hg(CN)>.NH 4 a.iHtO.. 

Hg(CN)i.NH4Br 

Hg(CN)t.NH4Br.HfO. 

Hg(CN)*.NHa 

Hg(CN)s.NHa.iH«0 
Hg(CNS)i 


HgSni 


HgooPb. 
UgmPb . 
HgM>Pb. 

HgMMPb 

BgPlH.. 


HgasZn 

HguZo 

HgBrt.Zi:tBra 

2BgBrt.ZiiBrt 

flgBrt.2Znfiri 

Bg(CN)i.Znai 

Bg(CN)t.ZoClt.7BfO.. 

Bg(CN)t.ZiiBrt 

Bg<CN)t.ZiiBrt.8HtO . 
HgMCd 

HgCd C10% amalgam) 

HgBri.CdBrt 

2BgBr».CdBra 

HgBr».2CdBrt 

Hg(CN)».Cdai , 

Hg(CN)».Cdat.3BiO.. 

Hg(CN)aCdBrt 

2Bg(CN)».CdBra 

Hg(CN)i.GdBrt.aBfO . 

2Bg<CN)aOdI» 

2Bg(ONh.CdIt.8BiO. 


•O- 

0 

0 

o 

*4- 

•q. 

o 

o 

o 

400 

600 

c 

*q- 

600 

0 

600 

c 

600 

0 

0 

Uq. 

Uq. 

Uq. 

Uq. 

Uq. 

e 

Uq. 

Uq. 

4400 

8400 

4800 

1000 

e 

1000 

o 

Uq. 

0 

4400 

8400 

4800 

600 

e 

600 

1000 

0 

100 

e 


1807 

861 

016 

260 

272 

616 

270 

164 

653 

256 

248 

38 

61 

26 

272 

18 

312 

76 

48 

- 211 


(114) 


- 11.3 

- 10.5 

- 11.0 

~ 11 

- 0.2 

- 0.4 

- 0.7 
666 
713 
067 

- 60 
1000 

- 160 
2226 
2.1 

- 23.7 
486 
640 
800 
131 
743 

- 40 

- 223 
033 

- 330 
2043 


HCtHiOa + 
Hg(CtBiOi)t 
+KI: A 

+ KOH 
-13 

,HgCl« + KCN| (*M.tT4) 
NatHg(CN)4 
diasoo. 


(!•«•) 

(1004) 


67Ha 

O.ShCI 

mix. 

mix. 

-23»« 

mix. 

Tn<x 

-31.6 
mix. 
-43.9 
mix. 
-61.3 
BgCl. + 
KCN8 
da.* 

Hg + Pb* 
4U.* 

da.* 

dlL* 

Hg + Pb* 

Zn + Hg* 
dO. 
mix. 
mix. 
mix. 
mix. 
- 66 . 0 »» 
mix. 
-87‘« 
Cd + Hg* 
Cd + Hg* 
mix. 

mix 

mtx 

mix. 

-80»» 

wJx, 

mix 

-32<« 


Cu 

0 

0 

Cu** 

400 

- 69 

CuO 

0 

146 

CuaO 

e 

167 

Cu(OH)a(biQ«) 

pptf 

438.2 

Cu(OH)a<srMB) 

Ppta 

4a9;8 

3CuO.HfO(bva«m) 

I^. 

780 

CuFa 

400 

686 

CuCl 

t 

136 


1 

Ha 

109 

Cua. 

e 

216.2 


800 

262.0 


400 

261.6 


-03« 

Daf. 

CuCSa 

HiSOa: A 


diMoe.:* A 


+H 

60 


t^4: A 

•^*NOa 


CuOt + AgF 

CosO-t-Ha; 

A 

46.8>« 

dO. 
dU. 


(171, 10*7, 
ltl») 

(■•■) 

(fit) 

(1041) 

(>»••) 

(let) 

(104) 

(1004) 

(1044) 

(1444) 

(1444) 

(1444) 

(1444) 

(.if) 

(•I*. •7., 

444) 

(417) 

(.41.4 444) 
(441) 

(441) 

(141,4 414,4 
14.4) 
(4414) 
(1414) 
(1411) 
(1411) 
(1411) 
(1444) 
(1444) 
(1444) 
(1444) 

(441,4 444) 

(441,4 .144) 

(1411) 

(1411) 

(1411) 

(1444) 

(1444) 

(1444) 

(1444) 

(1444) 

(1444) 

(1444) 


(14,414, 447, 
Til, 441, 

141.4) 

(14, Ml, .74,4 

474, 4414) 

(414, .74) 

(414, 441) 

(414^441) 

(74.) 

(114,4 114,4 


744, 474) 

(41* 7.4, 7 

(444, 474) 


') 


CuCli. — (Continued) 


CuOtOHaO 

Cu(C10a)i 

CuCni.3CuO . . . 

HCuCla 

CuCla.SCuO.- 

4H tO (AtAcua i t« ) • 

CuBr 

CuBra 

CuBra.4HtO 

CuBra.3Cu(OH)a. 
Cul 

Cull . 

CuS 

ChiaSu) 

CufSoi) 

CuSOa 


CaSO«.HtO 

Ca 804 . 3 Hi 0 

CUSO4.6HK) 

CuaSOa 

CuStO. 

Ca8flOa.6HiO 

X 

CuSOa.CoO 

CuSO4.3CuO.4HfO 
C 3 uSe 





CuSeOf 

Cu 8 eOi. 5 HfO 

CuaTe 

CuN. 

Ca(NO.)f 


amminai of CuaOa).; Cu8«0«: Cu(CNS>i: Cu(C10a)a; CuCNOa).; CuSiO.: 
CuCOOahi OuCfO.; Cu(HGO.)a; 'Oi(C.HK)i)f (»*•). AUoya with Cd. Ag 

(411). ' 


Co(NOa)a3HiO 

Cu(NOa)a.6HfO 

Cu(NOa)t.3Cu0.3HfO 
|Cu.4NHaJ++ 

CCU.6NH.J** 


900 

260.6 

100 

267.6 

50 

264.6 

30 

250.9 

20 

247.6 

10 

240.6 

c 

816.2 

400 

93 

0 

672 

550 

439 

0 

1909 

c 

103 

c 

134 

400 

168 

c 

1819 

e 

1633 

0 

66 

e 

13 


38 

e 

48.6 

0 


c 

79.4 

e 

748.0 

SOO 

814.6 

200 

814.4 

100 

814.1 

60 

813.9 

e 

1061.6 


1281 

c 

2267.1 

0 

726 

•Q* 

1071 

e 

1638 


924 

> 

€ 

1681 

ppt. 

24 

0 


0 

81 

400 

638 

0 

1980 

0 

17 

e 

- 238 

4 

303 

200 

346.4 

100 

346.7 

60 

347.2 

20 

847.4 

16 

346.6 

12 

346.4 

10 

843.6 

e 

1216 

e 

3108.4 

0 

1711 

400 

329 

600 

601 


{Conivnued) 

CuO 4* HO: 

A 

dil. 
dil. 
dU. 
dil. 
dU. 

15.6i» 

200 


Ba(aOa)a + 
CuSOa 
230hC1 
Cua. + HCl 
138HCt 

N; A 

34.6*® 

400 

CuSOa + 
BaBra; A 
-6 

136 HBr 
CuSOa + KI: 

A 

4-NH. 

analogy 
Iona 
Cu + 8 
Tr.; 

Cu + S 


66.6;j,; A 


dfl. 

CuClf + 
HfSOa: A 
dU. 
dO. 

ao.ii! 


+HfO;* A 
-11.7iL ; A 


88 

Iona 

— 20.6^* 
^*"444 

+CuO*: A 
OOlH^a 
CutC.H.Oa)a 
+ H.84 

Tr. ; 4 , 7 j^®j 

+Br 

+KOH 

-n.i 

+Br 

diisoe. 

Ba(NO.)t + 
CuSOa; A 
dU. 
dU. 
dfl. 
dU. 
dil. 
dil. 
-10»» 
-«4.8» 

143hnO. 
CuSOa + 
NHa; A 
CuSOa + 
NH.; A 


(.1, 41, 7.4, f 

.74, 474) 

(11. 14*. t 

474) 


(lll,f 400, 

474) 

(474) 

(141) 

(7.4) 

(101) 

(11. ,4 474) 
(441,4 t74) 

(.11, #74, 

474) 

(441) 

(441) 

(•If n»,* 

474) 


(474, 1417) 
(41.4) 

(4,4 44, 44#,« 
144T) 

(144.4, 414, 


') 


(41, 474) 

(474) 

(474) 

(114,4 444, 

414, 414, 
474) 

(7414) 

(414, 144.4, 

414.4 444, 

444.4 414, 
444, 474) 

(444) 

(474) 

(4444) 

(441) 

(144) 

(44.4) 

(144) 

(444) 

(444) 

(141) 

( 1111 ) 

(441) 

(414, 474) 

(41, 411, 474) 


(441) 
(401, 474) 

(441) 

(114) 

(114) 


INTERNATIONAL CRITICAL TABLES 



Formula 

1 State 

1 Q. kj 


Copper.— 

-{Continv 

|Cu.8NHj]^* 1 

1 

600 

667 

(Cu.12NHjI^* j 

900 

995 

Cu0.28NH, 

3000 

246.2 


1500 

245.1 

1 

500 

244.7 

CuCl.NHi 

e 

251.1 

CuC1i.2NHj 

c 

493 

CuCli.2NH,Cl 

c 

827 

CuCls.2NH,.lHiO 

c 

561 

CuC1j.5NHi 

c 

793 

CuCl 1 . 2 NH 4 Cl. 2 HtO 

c 

1393 

CuC1.3NHi 

c 

428 

CuCli.3JNHi 

t 

632 

CuCIi.4NHj 

aq. 

660 

CuCI,.4NHi.2HiO 

c 

1293 

CuCli.SNHj.jHiO 

c 

929 

CuCli.SNHi.lJHiO 

c 

1217 

CuCli.GNHi 

sq. 

832 

Cuai.lONHi 

c 

182 

2CuCl3NH, 

c 

601 

CuBr.NHj 

c 

210 

CuBrt.2NH, 

c 

402 

CuBr.3NHi 

c 

389 

CuBri.3|NHi 

c 

550 

CuBri.5NHi 

1 

c 

716 

CuBrj.lONHi 

c 

1108 

2CuBr.3NHi 

c 

521 

CuI.iNHi 

c 

122 

CuI.NHi 

c 

176 

CuI.2NHi 

c 

268 

CuI.SNHi 

c 

358 

CuIi.2NHi 

c 

277 

CuIi.SiNH, 

c 

420 

CmI,.6NHi 

c 

591 

CuIi.lONHi 

c 

963 

CuSOi.NHi 

c 

891 

Cu804.2NHi 

0 

1018 

CuSOi.(NHi),S04 

1 

c 

1926 

Cu804.(NH4)iS04.2Hi0.. 

c 

2493 

CuS 04 .(NHi)tS 04 . 6 HtO.. 

1 

0 

3728 

CuSO<.4NHi 

1 

e 

1236 


aq. 

1216 

Cu804.4NH|.1.5H>0 

c 

1682 

Cu804.5NHi 

C 

1343 

CUSO 4 . 6 NH 1 (?) 

c 

1346 

CUSO 4 . 6 NH 1 

aq. 

1386 

CuS04.8NHi 

aq. 

1661 

CuS04.12NHi 

aq. 

1879 

CueSb 

c 

10 

CuCO] 

ppt. 

502 

Cu(CHO,)i 

c 

751 


aq* 

763 

Cu(CHOi),.4H,0 

e 

1030 

Cu(CiHiOi)s 

c 

898 


aq. 

008 

Cu(CsHiOi)].HiO 

c 

1103 

CuCli.C0.2HtO 

e 

lOOO(T) 

CuCCtHiSOi)! 

aq. 

1785 

CuCN 

c 

- 117 

CuONC 

J 4 

« DO 

CuaSn 

V 

e 

33 

CuiZai 

e 

67 

CufOdj. 

0 

12 


Silvei* 

Ag 

t 

1 ^ 

Ag(Mt liar Co) 

ppt. 

1- 4(?) 


Method 



Cu804 + I (**<) 
NHi; ft 

CuSOi + I (**<) 
NHi; ft 
Cu(OH)t + (**«) 

NHi; ft 
dil. 
dil. 

diaeoc.* 

33.3hci: 4 

Kl 

lliiNHi 
dieeoc.* 

-26 
dieeoc.* 

-23nHi 
mix. 

-32,nHi 
- 39 
-40 
mix. 
dieeoc.* 
dieeoc.* 
dieeoc.* 

20 Ha(io) 
dieeoc.* 
dieeoc.* 
dieeoc.* 
dieeoc.* 
dieeoc.* 
dieeoc.* 
dieeoc.* 
dieeoc.* 
dieeoc.* 

+ NHi* 

+ Br- 
dieeoc.* 
dieeoc.* 

02,7NH, 

41.2*« 
dieeoc.* 

-44.4 

~7.6mnhi: ft 
mix. 

30nHi 
dieeoc.* 

+ NHi 
mix. 
mix. 
mix. 

+ Bri 
OuSOi ^ 

KtCOi 

900 

N 

- 33 IO 

»oo 
10*« 

-fBe(OH)« 

400 

CuCI + HCl 
+ CO 

Be(CiH»80*)i| (»»•) 
+CuSO« 

Hc(CN). + I (»«*T) 
Cul 


(iM.eeie*) 
(224* leeo*) 
(224) 

(214) 

(ieao«) 

(224) 

(Iff.* 4104) 
(224* 2214) 
(114) 

(224) 

(224) 

(224) 

(224) 

(10404) 
(104*4 440) 
(1044) 
(10404) 
(104*4 440) 
(10404) 

(I 0404) 
(10404) 
(104*4 440) 
(1044) 

(1044) 

(104*4 440) 

(104,4 440) 

(10404) 

(1040) 

(10404) 

(10404) 

(114) 

(114) 

(114) 

(141*) 

(144* 404) 
(114* 1144) 
(214) 

(124) 

(2244) 

(124) 

(114) 

(214) 

(114) 

(144) 

(••) 

(44) 

(•») 

(»») 

(»•) 

(074) 

(44, 074) 

(404) 


dieeoc 

+Br 

+Br 

•4-Br 


( 1111 ) 

( 111 , 111 ) 
(14*141.421* 
411) 

(141* 144) 



(141) 


•For b«4it of eolotioa of TerloiM eilTer eedta of orsanie edde, 0 . (loOtiii); 
orcaaie emminee of eUrer (••>); eBoye with Cd (•«»). AmmiiMe with AcBrOi* 
AcOOs. AcNOe* AcMaOi (**7). 


Silver. 


Ag*. 

AgtO 


AgfOt. . 
AgF 

AgF(^) 


AgF.HiO 

AgF.2HtO 

AgF.4H|0 

AgtF 

AgF.HF.. 
AgC! 


9 

0 


e 

e 

amorp. 

400 

c 

e 

0 

0 

aq. 

ppt. 


0. ki I Metw 
(Continue) 

AgNOi 
dla8O0.;*ft 


104 
29.1 


22.6 

203.6 

203.8 

221.8 

604.3 

800.4 
1387.1 

210.6 

546.6 

126.6 


+HCIO 1 : ft 
18. 0»® 
18*® 

+HCl:ft 

3.6>® 

~6>® 

- 20 . 61 * 

11.6 

mix. 

+Hg;* ft 


AgiCI (T) 
AgClOi . 


AgClOi 


AgBr 


Agl(i> 


Agidi) 


3AgI.HI.7HiO 
AgtS(i) 


AgiSdi) 

AgiSOi. 


AgtStOt (7) . . 
Ag(SiOi)i**+ 


AgiStOi 

AgtSsOi.2HiO 

AgSo 


AgtScd). 

AgiScdi) 

AgiSoOi. 


AgNi 

AgNOt.. 

AgNOid). 
AgNOiui) 
AgNOi ... 


AgsNiOt 

Ag(NHi)t... 

AgNOi.NHf. 

AgNOi.2NHi 


AgNO».3KH4 


Ag(NHf)40H 

Aga.NH4 

AgCLUKHi 


aq 

e 

0 

aq. 

c 

*<1. 

0 


ppt 


0 

0 


c 

aq. 

aq. 

c 

ppt. 


o 

o 

c 

c 

aq. 

c 

e 

400 


r 

aq. 

e 

e 

aq* 


aq. 

aq. 

0 

0 


128 


+Pbai* 


68 
130 
7 
24 
61.2 
60.3 
90.8 


62.6 


conduotiTity* 
+KCN 
-31.6 
ione; ft 
0.1 

+Ha:ft 

Ag + Br; ft 


Tr.: 6.32}//, 

Ag + I; A 


2256 


21 

606 

676 

(?) 

1169 

938 

967 

4.0 


-9 

Tr.; 4.0///, 

AgNO* + 

Hi6: ft 

+KOH; ft 

+ KOH;ft 

(144) 

Na*Ag(SiOi)i I (»••) 

ione 

(OTi) 

(414* 2444) 


(11, 144* 144* 
•ll*e 441.1,4 
Til* •?•) 
(1414) 

(411) 

(411) 

(«•■* Til) 
(411) 

(411) 

(414, 411) 
(411) 

(444) 

(110, 110, Ilf* 

f04, 411*4 

740.4 14410) 
(110*0 141,0 

471.4 144,0 
• l7,lt4M) 

(4014) 

(474) 

(171) 

(140) 

( 111 ) 

(1404) 

(••* •71, t 

444*4 404,4 
070* 1414) 
(44.2, 440, 

1414) 

(244*147, 

440*4 441,0 

470.4 444, 

414.4 447,f 
041, I*!*) 

( 100 ) 

(441, •••» 

7444) 

(42, f01*« 

070) 

(140. 441,4 
074) 

(074) 


-43.4» 


4.4 

401 

- 277 
53 

14 

126 

103.2 


122 

104 

261 

368 

320 


444 

401 

629 

224 

271 


AgCiHiOi + 
HiSe 

Tr.; «.»///, 
+ Bri 
AgNOi + 
KiSeOi 
dieooc. 
-37 
ione 

Tr.: 2.4///, 
-22.9];^:* 

+Ha:ft 


N 

Aga04.2KHi 

diiooc.* 

-37.9 

ioni: ft 


- 43.7 

AgNOi + 

KBi:ft 
AgiO + NHi 
divoe.* 

*: ft 


(44.0) 

(140) 

( 000 ) 

1(1111) 
(44,71) 
(44, 71) 
(1444) 
(704, 074 
(44, 

744, 744,4 
074) 

(140) 

(117) 

(144, !••> 
•47,4 444) 
' (144, !••* 
f|4, 111* 

044) 

(144* ••»»* 
444* 440) 

(141) 

(144) 

(104) 

(lOf* 


THERMOCHEMISTRY: 31 TO 37 


189 


FortnuU 


AgCl.SNHi... 

Afa04.2KHi 


A«a04.8KHi 


AgBr.NHi. .. 
AgB^.liNHi 
AcBr.SNHi. 
AfLiNHi... 
Agl.NHi — 
Agl.liNHa. 
AgI.2NHa... 
AtL3NHa. . 

Agi^^i ••••>•' 


AgiCOa 


AgaCtOa. . . 
AgiCiHaOa 
AgCiHiOf. 


AgiC».AtCl . . . 

2AkiCi-AcC1 . 
AgiCa.AgI — 

AgiCi^Agl . . . 

AgtCi.Agi804 


2AgaCt.Agi804 
AgCN 


Ag(CN); 
Ag(CN)7 
Agf(CN)i 
AgONC.. 
AgCNO . 


AgtCa.AgNOi 
AgfCaNiOa. . . 


AgCN.NHt 

AgCtHiNH^ 


AgHtOiNiOi 


AgO.CHiNHt 
AgBr.CHiNHi 
Agl.CHaNHt.. 
AgCNS 


Ag8bOC4H404 


Ag«Hg4. . 
Agl.Pbli. 
Agl.CuI. 
AgI.2CaI 


Au 


(fi) 


8tot« 


au 


Method I Ui. 


SSrer.- 


0 

e 

2000 

0 

8000 

0 

e 

0 

0 

0 

0 

0 

0 

o 


^“(a) Uion AuCI| 4 . 80t) (T) 


AuiOi. . . 
Au(OH)i 
AuCl . . . . 


0 

ppt. 

e 


0 

e 

e 


e 

e 


e 

e 


•q- 

0 

o 

0 


aq 

o 


c 


c 

c 

e 

e 


« 


e 

0 

0 

e 


(Cmtinutd) 

40A 
823 
277 
406 
360 
100 
234 
367 
110 
151 
189 
226 
301 
- 361 


606 


49o 


668 


1047 


406 


388 

210 

647 

216 

282 

857 


67 

140 


245 

403 

200 

181 

00 


- 206 


374 


33 

148 


600.6 


209 

182 

151 

88 


177 

1402 


3.0 


Gold 


diiMM.*; A 

(tSI, sit) 

-44.8 

(»•») 

+Ha 

(*•») 

-46.8 

(til) 

+Ha 

(111) 

diasoc.* 

(111*) 

diasoc.* 

(••«*) 

diaaoc.* 

(•••*) 

diasoc.*; A 

(iti,e lao) 

diasoc.*; A 

(ISM) 

diasoc.*: A 

(*••*) 

diasoc.*; A 

(»••*) 

diasoc.*; A 

(III*) 

CiHi + 

(ill) 

AgNOi.2NHi 


AgNOi + 

(••) 

KiCOa; A 


AgNOi + 

(••) 

KiCOi; A 


K«Cf04 + 

(■•) 

AgNOi 


AgNOi + 

(••) 

KtCiHiOi 


-18.4 



N 

40 

07 


aois 




C*Ht + 
Ag«604 
IWhCI 
AgNOi + 
KCN; A 
KAg(CN)i 

KiAg(CN)i 

so.eHa: A 

dieeoo. 
AgNO, + 
KCNO 
AgtCt + 
AgNOi; 4 
NasCaNiOi + 
NHj + 
AgNOi 

disaoo.* 
Ag+ + 


•••t) 

(••) 

(!•*) 

(!•») 

(Ill) 

( 111 ) 

(III) 


(III) 
(111, ITI, 
leii) 


(•’•) 

(lit) 

(till 

(•*•) 


( 111 ) 

(III) 


(lie*) 

(III) 


C,H»NH7 


AgNOi + 
NaHtCiNiOil 
dlseoc.* 
diasoc. 
diasoc. 
AgNOi + 
HCNS 
-80* 
AgNOi + 
KSbOC«- 
HiOi 
+Hg 
Tr.; - 10.7 
Tr.; - 12.3 
Tr.; - 36.3 


(III) 


( 110 *) 

(110*) 

( 110 *) 

(III) 


(III) 

(401) 


(141, eii) 
(41.1) 
(41.1) 
(41.1) 


A uQi (?) 

* AgCuCli. beat of dlaaodation (▼•©«•). 


c 

0 

Del. 



16(7) 

Audi + 
HiBOi 

(•»•) 

e 

- 64 

NasOa 

(Til) 

ppt. 

418 

+HC1 aq. 

(STl) 

c 

43 

+Ha: A 

(IIS, a ITS,* 
TIT,* 170) 

e 

70 

+Ha 

(7SS) 


Formula 1 

State 

Ksai 

1 Method 

1 Lit, 


Gold. — (Continued) 


AuCSi 

e 

113 


(ST9,« 717, 





7IS,* S74) 


aq- 

132 

+HBr 



aq. 

316 

N^iHiPta* 


Aiim« 

0 

711 

-7.il* 

(SrS) 

AuHCli 

aq. 

316 

100 

AuCla aq. + 

(srs) 


1 


HCI 


AuHCl^SHfO, . 

1 

C 

1180 

-14.0 

(S7«) 

AaBCl4.4HiO 

c 

1486 

-24.4‘* 

iW 

(tri) 

AuBr 

a 

10 

-f-HBr; A 


AuBn (7) 

• 

34 

+ HBr 

(7SS) 

AoBri 

0 

66 


(III,* 09S,* 





S7«) 


•a* 

41 

+ HBr; A 

(STS) 

AuBrT 


102 

N - 





iHiPtCii 


AuHBri 


193 

+80*; A 

(S7S) 

AaHBr4.5H«0 

c 

1873 

“47.7|*^ 

(S7e) 

Aul 

e 

4 

+HiSOi:A 

(S7«) 

AuCl.NHi 

c 

102 

132kcn<ti> 

(1071) 

Aua.2NHi 

0 

207 

diasoc.* 

(IIS*) 

AuC1.6NHi 

0 

600 

97kcN(to) 

(I07S«) 

AuBr.NHi 

e 

166 

103KCNt») 

(1071*) 

AuBr.2NHi 

0 

256 

93kcN(ti> 

(1071*) 

AuBr.SNHa 

c 

337 

diasoc.* 

(107S«) 

AuBr.4NHa 

c 

416 

diasoc.* 

(I07t*) 

AuBr.ONHi 

c 

676 

diasoc.* 

(1071*) 

AuI.NHi 

0 

105 

WkcNct,) 

(1C7S*) 

AuI.2NHa 

c 

190 

diasoc.* 

(1071*) 

AuI.3NHi 

0 

282 

diasoc.* 

(107S*) 

AuI.6NHi 

• 

e 

621 

diasoc.* 

(lOTS*) 

AuI.SNHi 

0 

614 

diaaoc.* 

(1078*) 

Au(CN)r 


- 226 

KAu(CN)i 

1 

AuSn 

He 

50 

8n + Auhs 

(sao) 

AuZd 1 

He 

6o 

Za + Aqhc 

(••*) 

AuCd 

He 

4o 

' Cd + Auhs 

1 (•••) 

AuHgm 

Uq. 

8 

Au + Hg 

1 (*••) 


Osmium 



Oa 

0 

0 

Def. 

1 

OaOi 

c 

301 

+0. 

(1011) 

1 

Uq.« 

376.8 

-*o« 

(lOlt) 


eaa 

334 

-♦c* 

(toil*) 


Iridium 



Ir 

0 

0 

Def. 


IrOi 

c 

21 

dissoc.* 

(10«4*) 

IrOi 

0 

86 

diasoc.* 

(loss*) 


0 

170 

diaaoc.* 

(lois*) 

Irdi 

c 

263 

diasoc.* 

(toss*) 


Platinum 


Pt 

0 

0 

Def.'* 


PtH (7) 

c 

So 

Pt + H, 

(111, III) 

Pt(OH)* 

ppt. 

367 

+HCHO* 

(#74) 

Pta 

0 

7o 

diasoc.* 

(1010*) 

PtOi 

1 

c 

15o 

diaaoc.* 

(loeo*) 

PtCIi 

0 

21o 

diaaoc.* 

(1040*) 

PtCli 

e 

262 


(411, 1019*) 


aq. 

343 

+Ha 

(#11) 

PtClr 

aq. 

611 

KjPtai 


PtCl4.6H.O 

c 

1782 

— 7.7400 

(111) 

PtCl- 

aq. 

693 

KiPta# 


HiPta, 

aq. 

510 

N « HjPta* 


HiPta* 

aq. 

693 

+ NaOH; A 

(IIS, 976) 

HPtCU.2HiO 

c 

1040 

OO.Oiici 

(8IS) 

H8PtCl6.0HtO 

c 

2392 

18.2f,oo 

,115, 

PtBn 

c 

1C8 

41iooo 

(IIS) 


AQ* 

209 

+Co; A 

(815. 

?tBr- 

aq. 

376 

KiPtBri 


PtBr- 

aq. 

483 

KiPtBn 


HiPtBri 

•q* 

483 

N - H-PtCI, 


HfPtBr6.9HiO 

c 

3071 

-12.0 

(IIS) 

ptii 

c 

7o 

31n-.i 

(111) 



aq. 

218 

NorPtll 1 



t 

k« 


A 


il 


\-i 




I 


c 

4 ; 


•1 


,1 

J 








% 

* 1 
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Formula 


Pt(NH.)- 

Pt(NH,)4(OH), 

(NHOiPta*... 

PtCl«.2NH,... 

PiaUNH#... 


PtCli.4NHi.H»0 

Ptai.SNHi 

PtIi.2NH, 

PtIi.4NHi 

PtIi.6NHi 

Pt(NHi)*SO« . . 
AgiPtCU 

AgiPtbn 


Ru. . . 
RuO*. 
RuCli 


Pd 

PdO 

PdiH 

Pd(OH). .. . 
Pd(OH)4.... 

PdOi 

Pda- 

Pda- 

H»Pda<. 

HlPda#. 

PdBrt 

PdBr- 

Pdit 

PdIt.HK). 

Pdai.2NHt 

Pdat.«NHi 
PdU2NH« . 
PdlUNHi. 
Pd(CN)i... 


Mo 

Mn 


(O 

( 0 ) 


Motf 

Mn**. 

Mn*** 

MdO.. 

MnOi. 


MnOiUrdTmtwi ppt ) 

Mn«0. 

MnO- 

Mnf04 

HMn04 

MniOHh 

Mn(OH)i 

MnPt 

MnPi 

Mnai 


1 State 

1 O.kj 

1 Method 

1 Lit. 

Platinum.’ 

— (C<mfini4«i) 


aq. 

410 

Pt(NHi)4aa 


«q. 

875 

N 

(f7a) 

0 

1 

812 

-35.2 

(17#) 

aq. 

777 

iona 


0 

500 

Pta, + NHi: 

(•«) 

0 

766 

ft 

analogy 


aq. 

740 

-PtOa.- 


0 

1071 

4NHa.HtO 

-36.7 

(#70) 

0 

855 

diaaoo.* 

(141*) 

0 

c 

Q 

226 + Q 

diaaoo.* 

(141*) 

c 

396 4- Q 

diaaoo.* 

(141*) 

aq. 

1303.4 

N 

(174) 

0 

544 

HaPta# + 

(IIS) 

« 

407 

AgNOi 
HaPtBra + 

(•11) 

Rut] 

C 

benitun 

0 

AgNOa 

Def. 


c 

220 

• 

diaaoo.* 

(HI*) 

0 

263 

diaaoo.* 


Pal 

C 

0 

Def. 


0 

00 

diaaoo.* 

(1114*) 

c 

74.2 

Hi + Pd; ft 

(It?, 441,* 

ppt. 

384 

KiPdai + 

714*) 

(••a, 171) 

ppt. 

703 

KOH; ft 
KaPda# + 

(•71) 

c 

182 

KOH+Ka 

(••a, •?#) 

aq. 

532 

KiPdaa 

aq. 

707 

KaPdai 


aq. 

531 

+ KOH 

(171) 

aq. 

700 

N - HiPta# 


c 

117 

Pd + Br; ft 

(»••) 

aq. 

367 

KiPdBra 


c 

75 

Pdia + H.O 

analogy 

ppt. 

374 

KaPdCU -f 

(111, tTl] 

0 

441 

KI: ft 
Pdaa + 

1 * 

1 

(141) 

0 

662 

NH,; ft 
+Ha: ft 

(•40) 

0 

300 

PdIa -f NHa 

(Mi) 

0 

600 

+ HI; ft 

(140) 

0 

> 205 

KaPda, + 

(111) 

Bfmn 

0 

ganese* 

KCN; ft 

Tr.:5.5n« 

('•••) 

0 

0 

X>ef. 


amorp. 

- 15 

+Ha 

(471) 

aq. 

208 

MnOi 


aq. 

lOi 

MnBra 


0 

38a 

+Oa 

(lit) 

0 

525 

diaaoo.: ft 

(•!») 

amorp. 

50i 

+NaaOa 

(711) 

amorp. 

485 

KMnOa ^ 

(•?•) 

a 

050 

MnSOc ft 
+Oa: ft 

(•••) 

aq. 

516 

KMnOa 


0 

1372 

Mn + 0 

(•It, •••) 

aq. 

516 

N - Ha 

(•71) 

ppt. 

68* 

MnSOa + 

(»?•) 

ppt. 

030 

KOH; ft 
MnFa + 

(7M) 

aq. 

862 

NaOH 

AgF + MnOt 

(7#1) 

aq. 

lOia 

iona 


0 

471.6 

67.0J*, 

(•71) 

400 

530 

dll. 

(•7#) 

100 1 

537 

Mn + Ha 

(471, •?•) 


Formula 


MDat.2HtO 

Mnat.4HtO 
MoBn 


State 

Manganese.- 


MnBrt (?) 

Mnit 

MnS 


MdS04 


MnS04.HiO. . 

MnS04.6Hi0 

Mn804.7H»0. 

Md8«04 

MnStOt.6HtO 

MnSe 


MnN«. . . . 
Mn(NOi)t 


Mn(NOi)t.3HfO 

Mn(NOi)i.6HiO 

Mna».NHi 

Mnat.2NHi 

Mna».2NH4a.2HiO. . . . 

Mnai.eNHi 

MnBrvNHi 

MoBrt.2NHi 

MnBrt.2NHiBr 

MnBri.6NHi 

Mn804.(NH4)*S04.6HtO. 
MDi(P04)a 


MniC 


MnCOt 


Mo(CHO>)t.3HiO 
Mn(C«H«Oi)a 


Mn(CtHaOa)t.4HfO. 
MnaOt 


0 

0 

e 

nq. 

•a. 

ftq. 

PPt. 

0 

0 

400 

200 

100 

50 

20 

e 

0 

0 

400 

0 

ppt. 

0 

c 

0 

400 

6 

3 

0 

0 

0 

0 

0 

o 

c 

0 

400 

0 

e 

eoU« 


Qf kj I Method 

(Continued) 

d4.3ioQ 


0 

ppt. 


MnOfOi I ppt* 

Mn(CHOf)i 


MnBri.3E[cBra 
MnBri.HcBra . 
2MnBrt.HgBri 


Pt 

Fe 


Pe 


(•) 

(P) 


(t) 


0 


nq. 

0 

0 

lb* 

8400 

4400 

4400 

0 

0 


1076 
1677 

380 
447 
466 
320 
108 

26o(7) 
1034 

1002.1 

1002.6 
1001.0 
1001.2 
1000.1 
1345 

2623 

3117 

1355 

3081 

Ii4(r) 

100 
- 386 
570 

624 


615.6 

613 

1400 

2367 

608 

733 

1730 

1125 

518 

640 

700 

1072 

4003 

3081 

3068 

62 

891 

872 

1086 

1014 

1033 
1617 

1142 

1104 

2331 

1268 
1217 


6.4^* 

400 

67(Malflcir) 
tone 

Mn + Br 
ions 

MnS04 + 
NaaS; ft 
Mn + S 
67. 7» 

H1SO4 + 
MnQa: ft 
dil. 
diL 
dil. 
dU. 
«2.6J* 

400 

0.2** 

400 

diaaoo.* 

iono 

— 8.1** 
®**400 

M08O4 + 

NaaSe 
+BrB 
diaaoo. 

Ba(NOa)a + 
MnSOa 
—►0 

analoor 

-Uq. 

-25.7** 

diaaoo.^ 
diMOo.* 
>23.8 
diaaoo.* 
diaaoo.* 
diaaoo.* 
mix. 
diaaoo.* 
>41 

Mnaa + 
NaiHPOa 
MnOa + 
KaaHP0«; ft 

+O1 
+O1 

Mnaa -f 

KaCOi: ft 

Mnaa + 
KaCaOa 

+KOB 

«lIo 

N 

710 
'400 


(»»>. tat) 
(•7i) 


(If#) 

(>•>*) . 

(4ia» #7df 

(•70) 


(070) 

(il0( 4fl, 071) 
(lit) 

(070) 

<*••) 


773 
616 
1075 

Iron* 

0 




322.1(»%Br) 

MnCOi 

SlOa 

mix, 

ads. 

mix. 

Daf. 

Tr.i 

Tr.i 1.4JJ5 


(1111) 
(411) 

analogy 

( 1101 ) 
(1101) 

(711) 

(171) 

(>••*) 

(»••*) 

(171) 

liia.aiii*) 

(>••*) 
( 111 *) 

( 1011 ) 

(100, • 1140) 
(411) 

( 111 ) 

(lit, 111* 
111 ) 

( 111 , 111 * 

•17) 

(111*1011) 
(11* 111) 

(•*) 

(•») 

(«) 

lt») 

(171) 

(•*) 

(171) 

(741) 

(111* 741* 
1111 ) 

(lilt) 

(laii) 

(laii) 


(111, 711* 
111, 111*) 
( 111 , 111 * 

774, 111) 


^ - MnOcnRa: AQ - 9.3 (••) 

MnaB.2HaO, NBiO aoUd adiitloaa, i. (in ). tfanganiaa aalt (iii, ill) 


• FaaOi: beat of hydration (7«7). Redprooal heat of mixing of 
aolaUona with Cti(NOa)a; 2n(Ao)a: *nrNOa)a; Mnaa: Mn(Ao)f; FaBO«; MW 
(•I* 11). Haat of diaec^ation of amminaa of FaBra and Pala; 

FeBra.6NHa; FaCUeNHa; FaSO«.6NBa; KaFaCl4.6NHa; haat of dloaodaoop 
(111, 141). 


THERMOCHEMISTRY: 37 TO 44 
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Formula 


State 


Iron*' 



Method 


(Continued) 


FoO.. 


aq. 

aq. 

0 


FciOt(««lda«l) amorp. 

FeiOi(ordinary) ® 

Fet04(JtMed) 0 


Fei04ai • 
Fe<04ai)- 
Fei04ail) 


FeCli.4HsO 
FeCl. 


FeCl«.2.SBfO 
FeCli.dHfO . . 
Fe(aOi)i.. . 


F«ai.2HCl 


FeBrt 

FeBri 

Felt.. 

Felt.. 

FeS.. 


FeSteatofii) 

Fe8t(pjTit«) 

FeBt(Bar«MAU) 

FeSOi 


Fe804.Hi0.. 

Fe804.4H«0 

FeBO«.7HiO 


Fet(80«)i 


Fei(804)t.8Ha80«. . 
FeSe 


FeTe 

FeNO-.. 

Fe(NOt)t 

Fe(NOt)t 


0 

1000 

200 

100 

60 

20 

0 

0 

000 

600 

aq. 

1000 

»q. 

1000 

0 

ppt. 

0 

e 

0 

0 

400 

200 

e 

0 

0 

1200 

400 

800 

160 

60 

1200 

0 

ppt. 

e 

aq. 

M]. 

800 

200 


87 

40 

208 


802 

798 

1113 


1117 


Fe(OH)i 

. . . . ppt. 

568.6 

F3(0H)| 

ppt. 

826 

FeFt 

1200 

741 

FeFt 

160 

1016 


1200 

1018 

Feat 

.... 0 

342.6 


400 

417.6 

Feat.2HiO 

.... c 

963 


1660 

403 

636 

632 

628 

616 

430 

1153 

2220 

282 

854.4 

326 

398 

190 

207 

96.6 


Tr.; 0.42 


1400 

(7) 


Ut. 


(etT. ate.sit. 
loet) 


Formula 


FeClt 
FeCU 
+ Hi;* & 


8e 

140 

149 

909.1 

970.7 

970.6 

1226.1 

2109.4 

2002.7 

2686.8 

2686 

2684 

2682 

2661 

6802 


83 

40 

608 

668 

667 


4-NaiOj 

Tr • 4^* 

’ ’(calciDed) 

Fe 4- O; & 


Tr.; 

Tr.; 2.4 JjYj^ 

4-NatOj 
FeCli + 
NaOH 
FeClt + 
NaOH 

FeCli + AgF 
FeClt + AgF; 
A 

peCli + AgF 
74.9:* 

400 

Fe + HCl 

133 

FeCl, -I- 
HaO; A 
dil. 
dil. 
dil. 
dil. 

«8l5oo 

24** 

laoo 

B8(a0t)» + 
FetCSOt)! 
Feat + 
HaO; A 
lone 
lone. A 

I lona 
iona 

Fe + 8; A 

FoSOt + 
NatS 
+ NatOt 
NatOt; A 
+ NatOt 
62.36*;, 

+HC1 
+Ha; A 

100 

Fei(804}i + 

BaOi; A« 
dil. 
dil. 
dll. 
dU. 

Fet(604)t + 
HtSOt 
+Br 
FeSOi + 
NatS 
+ Br 

FeNOSOt 

Iona 

N 

dil. 


(as7,« eia, 

7if, t»i,e 

ait,« 077* 
tea*) 

(fit, tie, 711, 
ai 2 ,* 99 »*) 

(«>«) 

(34. a, soa, 
337,* 711, 

aai) 

(aoa, 1041) 

(•«•) 

(713) 

(•*•) 

(*•>) 

(733) 

(740. 733) 

(733) 

(373) 

(333, 373) 
(333) 

(333) 

(334) 

(333, 373) 

(334) 


(733) 

(333, 330) 

(333, #30) 
(373) 

(733, »73) 


(330) 


(333,* eat, 

773) 

(30, 373) 

(713) 

(377,4 713) 
(713) 

(♦IT. •»•) 

(373) 

(373) 

(417) 

(417) 

(133,417, 

413, 373) 
(33, 311,4 
331, 373) 
(II, 314, 3T3) 


(••) 

(133) 

(313) 

(131) 




F3(NOt)t.9HtO 
FeNOCli 


FeCli.NHi 

FeClt.2NHi 

Feat.eNHi 

FeNOSOt 

FeSOt.fNHtltSOt.GHtO 
Fei(80t)i.(NHt)»S04... . 
NH4Fe(80t)t.l2Ht0. . 
FetC 


FeCOi 


FetCCtOt) 


Fe(CtHtOi)a 


Fe(CN) 


Fe(CN)7",... 

Fet(Fe(CN)t)i 

FeCOCCN);- 

FetCO(CN)t 

HFe(CN)7. 

HFe(CN)7- 

HtFe(CN)7... 

HiFe(CN)7.. 

HtFe(CN)t. 

HJ!'e(CN)7... 

H4Fe(CN)t. . 


(NH4)4Fe(CN)4 

(NH4)«Fe(CN)t.3HtO. . . . 
HiFeCOCCN)! 

HiFeCO(CN)t.HiO 

H 4 Fe(CN)t.{CiH.)iO.. . . 

FetSi 


FeSiOt 

ZnFe(CN)t 


^01)' 

Cojjj.. 

Co**. . 
CoO.. 




CotOi. . . 
Co(OH)i 

Co(OH)a 


CoFt. 

CoClt 


Coat.2BtO 

CoCli.6HtO 


State 


Iron*' 


0 

0 

c 

aq. 

e 

1000 

c 

c 

ppt. 

c 

100 

400 

1800 

000 

300 

aq. 

aq. 

ppt. 

eq. 

c 

aq. 

aq. 

aq. 

aq. 

aq. 

aq. 

0 

aq. 

aq. 

e 

aq. 

0 

0 

o 


I <?.kj I 


(Continued) 


Method 


3276 

372 

483 

614 

1027 

023 

3881 

1910 

5423 

10.26 

76o 

775 ! 

2653 I 
2562 
1405 

I 

1600 ' 
1601 

613 

510 
1336 

181 

393 

614 

610 

617 

511 

620 

611 

614 

512 

18 
904 
■ 181 

83 


1107 
- 167 

Cobalt* 


aq. 

0 

amorp. 

0 

ppt. 

ppt. 

4 

»q- 

3 

400 

0 

c 



— 38ii* 

Feat + NO; 
A 

diasoe.* 
disaoo.^ 
dissoo.* 
FeSOt + NO 
-41 
mix. 

-69 

+COi:* A 

NaiCOt + 
FeSOt 
disaoc.* 

+ KOH: A 
+ KOH; A 
Ba(CiHiOt)t 

+ Fet(S04)a 
dil. 

dil.; A 
KiFe(CN)t 

KiFe(CN)4 

KiFe(CN)t + 
FeSOt; A 
KtFeCO(CN)i 

+Oi 

KiHFe(CN>4 

KtHFe(CN)i 

KHsFe(CN)t 

KtHtFe(CN)t 


Ut. 


(••) 

(437,331) 

(133) 

(130) 

(333) 

(417, 301) 
(433) 

(•*) 

(43.1) 

(331,4 333,4 
333,4 337) 

<“) 

(«*••) 

(334) 

(314) 

(fl, 37«) 

(•*) 

(*•) 


(70) 


(744) 


N 

(•••) 

KHtFe(CN)t 

1 



(ITT) 

HtFe(CN)« + 

(73, ITT, 313) 

Bn; A 


N 

(*••) 

-28'« 

(333) 

22** 

*400 

(744) 

•fOt 

(744) 


(ITT) 

+Ot; A 



FeCOt + 

SiOt; A 
K4Fo(CN)t + 
ZnSOt 


770, 007) 
(010, 013, 
1313) 

(•••) 


60 

241 

210 

806 

637 

918 

728.2 
822.0 

399.2 

930.3 

2128.2 

230 

807 

2030 

179 

83 

167 (?) 

942.0 

941.0 


Def. 

Tr.; 0.33[f;j> 

Coat 

+Ot 

4- NatOt 
•f NatOt 
CoSOt + 
NaOH; A 
Co(OH)t + 
NaOa: A 
Coat + AfF 
77.2** 

400 

Co + HCl 


Co + Bn 


(010, 1033) 

(lit, 171,711) 

(711) 

(711) 

(370) 

(OTO) 

(701) 

(070) 

(101, 070) 

(900) 

(070) 


NatS + CoSOt 
.analogy 


• Coltammlneo, boat of dlooodatlon (>*>» !♦♦). Coat.(NHa)t, beat of diasoci • 
atlon (1*^). Co^t amminea, beat of diaaodatlon (***}. CoSOtlNHtltSOt • 
6HtO, heat of diaeodatloo (***). 
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EonnoU 


C 08 O 4 . 7 H 1 O 
Co8e 


I Sutg I Q, ki I Method 

Cobalt — (CorUinued) 


Lit 


FormulA 


ppt 


CoT«.... 

Co(NOi)i 


Co(NOi)t.OBiO... 

(Co. 6 NHi.HiO]+^^ 


M. 


(Co.6NHi.NOiKNOa) 


(Co.SNHi.HiO}(NO»)i.. 


Coa».NHi 

Coaf. 2 NHij^ 

(Co.6NH..ai+~ 


(Co.5NHt.aia 


CoOi-ONHa 


aq. 


aq. 


(Co.5NHa.HiO}at 


CoBrvNHt.. 

CoBra.3NHt. 

(NHtliCoBn 


aq. 


(Co.6NHt.Br)+^ 

(Cq.5NHa.Br]Br 


aq. 


CoBft.ONHt 

(Co.6NHt.HtO]Bra 


aq. 


Co (CtH idO 4 ) I 

iCoBrt.HcBrt 

CoBri.HgBr«. 

2CoBrt.HgBri 


4200 

4400 

4800 


(a) 


3060 

56 

48 

48 

456. 

470 

486 

3323 

747 

667 

1146 

1084 

1437 

1372 

457 

581 

613 

906 

043 

1000 

1265 

1238 

367 

603 

004.2 

575 

867 

814 

963 

1145 

1107 

1872 

316 

475 

791 

Nickel'^ 

0 


Nl** 

NIO. 


64 

242 


NlCOH)i 


Ni(OB)i 


KIFi. 

NICI, 


Niai.2HiO 

Nia>. 6 HaO 

NiBr, 

« 

NiBr«.3H:0.. . 

•For othar amminea 
•odatioQ 


ppt. 

ppt. 

aq. 

c 

800 

400 

200 

100 

50 

20 


543.2 

823 

717. a 
313.8 

394.5 

394.1 

393.4 

302.5 

391.2 
386.7 

92.3 

2115.7 

223 

303 

1160 


-14.91* 

100 

*f Bri 
NaiSe + 
C08O4 
+ Bri 

5014 

loa 

—►0 

iona 

“ 20 . 8 ;» 

400 

(C 0 . 6 NH*.- 

HtOKNOi), 

(C 0 . 6 NH 1 .. 

NO.KNO,), 

-62.4** 

+ NatS - 
CoiSi + ate. 
-64. 4»* 

+ Na,S - 
Co«8i + etc. 
diaaoc.;* 4t 
dlaaoc.* 

ICo.SNHt.Cll 

CU 

-62.0** 

+ NatS » 
CotSi 4* etc. 
disaoc.* 

-27.0** 

+ NaiS - 
CotSi 4* 
diosoc.* 
disaoc.* 
CoBrt 4- 
NH4Br 
[Co.SNHt.- 
Br)Bri 
-53.0** 
4-Na,S - 
Co«S« 4- etc. 
dieaoc.* 
-38 6 :* 
4-Na,S - 
CotSi 4* etc. 

C 0 SO 4 4- 
BalCiHtSOi)! 
mix. 
mix. 
mix. 

Def. 

Tr.; 0.3|« 


NiCl. 

Ni 4- O;* A 


NISO 4 4- 

KOH: A 

Ni(OH)i 4* 

NaOCl 

NiCh + A*F 

80.2>» 

400 

dit. 

NI 4- HCI 
dil. 
dil. 
dil. 
dil. 

43‘* 

400 

— A 

^■®400 

70: A 
Iona. A 

1.0 


(»••) 

(»»•) 

(aai) 

(4at) 

(”••) 

(•»•) 


( 001 ) 

(•«) 

( 001 ) 

( 001 ) 

( 101 *) 

(III) 


( 001 ) 

( 001 ) 

( 101 ,* too,* 
111 ) 

( 001 ) 

( 001 ) 

(lOS*) 

( 100 *) 

(1011) 


(Ool) 

(tot) 

(1004 114) 
( 001 ) 

( 000 ) 

(OTO) 

( 1011 ) 

(toil) 

(toil) 


( 010 , 011 , 010 , 
1000 ) 

(Oil, 710, 704, 

lOfO*) 

(07i> 

t»T*l 

(740, 700) 

(070) 

(070) 

(070) 


(# 00 ) 

(#70) 

( 001 ) 
(001, OiO) 
(JOI) 


Kilo 

NiS. 


NISO 4 


NiS04.7Hj0. 

NiStOt 

NiStO«.6HiO 

NiSe... 


NiTe 

NiN4.HtO 

Ni(NOi)*. 


Ni(NOt)i.6HtO 
Niai.NHi ... 

Nia*. 2 NHt .. 
Nia».6NHi... 
NIBr,.NHt ... 
NlBri2NHi... 
NiBri.6NH|... 

NiK: 

NI(CN)i 


Ni(CN)- 

NlBrf.3HgBrt 

2N{Br>.HgBra 


W 

WOo .. 

WOi. 


W,0|. 

HaWOi 


WO».HiOi 


WOi.2HtOi 

WOt.3HtOi 


U 

UOi 

UOJ^ 

UOt 

UtOi 

UOi.JHiO 

UOt.HtO 

UOiMHtO 

U0i.2H«0 

U04.2HtO. 


UOt.CU 


UOi.CU.HfO 
U0tS04 


l*0»S04.3Hi0 

ro»(No»), .. 


( 100 , 000 , 041). NiS04(NH4)»S04.6Hi0. heat of di*- 


UOifNOi)i.HiO 

rOi(NO»)..2HiO 

UOi(NOi)i.3HtO 


UOi(NOi)*.6HiO 
t'C» 


I State 

Nickel.- 

aq. 

ppt. 

400 


I Q. kj I Method 

(Continued) 

! 175 Iona 

B7 Ni804 + 

NaiS 

050.3 Niao 4 - 

H 18 O 4 

3971.8 

1214 
2941 


lit. 


ppt. 


400 


46 

133 

430 

470 

2227.6 

460 

675 

1041 

356 

488 

028 

lOe 

07.3 


Iona 

-lO.lJ* 

000 

+Bt 

+ 

NaaSe 

+Br 

dtaaoo. 

491 * 

Iona 

74Ha: A 
83Ha: A 
i85Ha; A 

dlaaoe.* 

diaaoo.* 

diaaoo.* 

+Ot 

NiSOi 4* 
KCN; A 


(•»•) 

(•¥•) 

(•?•) 


(•TO) 

(»«) 

(”•) 

(•»•) 

(Ilia) 

(Oti) 

(t7«) 

( 111 ) 

(lit, aatf) 
(tat, aatf) 

(lao) 

(laia, liti) 


•d- 

4200 

4400 


- 838 

628 

470 


4 KiNI(CN)« 

mU. {••») 

mix. (itit) 


Tun^en^ 


aq. 


aq. 


0 

0 

528 

801 

1302 

1172 

1172 

1363 

1614 

2126 


UranituD 

0 

1074 

1010 

1214 

3537 

1367 

1520 

1672 

1820 

1841 

1340 

1600 

1881 

2720 

1348 

1427 

1663 

1070 

2278 


3167 

121 

1994 


Def. 
W4-0. 
WOt 4 * Hi^ 
W 4 - Ot: A 

4 -HiO 
diaaoo.^ 
NaiWOt 4 - 
HtSO. 
HfWOi 4 ’ 
HiOi 
HiWOt 4 * 
HiOt 
HfWOt + 
HiOi 


(iOO) 

(oar, 041) 

(tar, »*$, fit* 

roa.t, loao) 

(«■) 

(•»♦•) 

(•at) 

(«•) 

(«•) 

(•• 0 ) 


Def. 
4 -NaiOi 
UOtat 
+ NatOi 
4 -NafOi; A 
diaeoc.* 

62.1hno»o») 

diaaoe.* 

61.8rnOi(i«) 

HiO> + 

UOtSOt 

UO*. 2 HiO 4 * 

Ha; A 

2511 

leoo 

UO». 2 HiO 4 - 
HiSOi: A 

2114 

^'1000 

70** 

110 

UOt 4 - HNOt: 

A 

40 7^* 

21 1 ** 
^**iao 

UOt + c 

Iona 


(TI4) 

(TI4) 

(714) 

(•»••) 
(401, lao) 

( 0000 ) 

(7, 401, too 

(OtO) 

(») 

(7, tao) 

(») 

(401, 047) 
(401) 

(«»)• 

(401, 407) 

(7, 000, 401, 

047) 

(401) 

(014) 


• Hg 4 - a- 4 - W(CN)p - Hga 4 - W(CN)J-; AQ - 70.5 («••»•). 
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Formul* 


( 8Ut« 

Unnium. 


Q, ki I Method 
{Continued) 


Ui. 


Formula 


I Bute I Q, kj I MetlKKi 


Ijt 


DOt<C 3 aiOt)t. 2 HiO 

e 

2585 

- «:;« 

UOi(CtHiOi)3.- 
NH 4 C 1 H 3 OS. 6 B 1 O 

e 

4353 

” ^®looo 

UOfCrOa 

aq. 

0 

1862 

iono 

U0«CT04.6|Hf0 

3463 

— 

1000 


Ta... 

TaiOi 


Or 


C»(l 

- 

(Cr.eHiO)^^* 
CrOi 


CrOMhMtf) 

CrO« 


CrOJ 

CriOa 


Cr^i^. , , 

HiCr04. < • 
(CrKOH)* 


(CK>HKOB)Mfn» 

(OK>HlOt> 

(Cr(OH)ilOH.... 


(CrlPMvfatei) 

HdCrlFt... 
OrOa 


(CrlCl*(Tfa4«i) • • . 

(CrClt 


OrOadoM) tforw 


) 


VanAdium^ 


0 

0 


0 

0 


Tantalum 

0 

1256 

Chromium^ 

0 


Def. 

Ta + Ot 




CrOls«6HiO(grMio ** 
(OrCla4HtO)a.2HiO 


aq 

c 

0 

80.0 

40.0 
26.2 

10.1 
4.03 
8.32 

»q- 

o 

amorp. 

hydrated 

•a. 

•q. 

ppt. 

ppt. 

ppt. 

Ml. 

•q. 
e 
aq. 

Ml- 
•q. 


256 

560 

583 

670.2 

670.0 

678.0 
677 
674.4 

673.0 
853 

1110 

1114 

1200 

1438 

2023 

865 

1020 

1011 


(») 


C) 


(») 


V 


1 0 

Def. 

VO; 


i 1066 

KVOi 

V 07 

1 

I 1006 

1 

KVO 4 

VO* 


044 

KVOj 

ViOi 

c 

875 

+ Nai07 

ViO* 

0 

1463 

+ NafO« 

VI 04 

c 

1712 

+ NajOj 

ViO* 

t 

1830 

4'NatOj; dc 

VQi 

e 

616 1 

+O 1 

veu 

\iq. 

783 

-fO* 

VQi 

liq. 

678 

+ NaHO] 

VOCU 

liq. 

842 

+ NaHOs 


(714, •»!, 
• M) 

(714, ••!) 
(714) 
(714, •*!) 

(•»>) 

(••*) 

(•• 1 ) 

(•»l) 


(730.1) 


I>ef. 

Tr.; 0.54«» 1 (•") 


1227.0 

2177 

417 

405 

762 

712 


1631 

684 

2420 


[CrlCli 

10. 3 j; 


+ Na*Oi 
N. NatCrO* 

dil. 

dil. 

dll. 

dil. 

dil. 

NaK>04 

+ KatOi 
+ NatOt 
+ Na«Oi 
KiCtiOt 

KtCriOit 

••CrOi aq. 
ICrCliJCI + 
NaOH 

+Ha - 

ICrICli 
+Ha: AQ - 

42 

+ NaOH 
HF + [CrJF. 
78 

+ Oi - 
ICrOHjat 
(Crl(OH)i + 

Ha 

KfCrtO? + 
HO + KI; 
4 
8 

128 


(too, 733, 
tot) 

( 707 , 710 ) 
( 110 , 300 , 
070 ) 
( 100 , 733 ) 


(707, 710) 
(707, 710) 
(V07, 710) 


(041) 

(041) 

(041) 

(703) 

(703) 

(041) 

(141) 

(041) 

(111, 070J 

(041) 

(041) 


~"0.2tixu»gr— all (***) 


• NaOH + V 4 F 4 (»••). VfOaHfO + H 1 BO 4 (•»>). 

*(Cr(NHi)4NO«)Brt: (Cr(NHi).N0i)804: CrCU.6NHi; CtCUSNHi: heat of 
dioaoelation (4^*). Chromium probably hao the ooordi&atioii number of 0 in 
all ehromio pMupoundo Uoted. Where the coordination number io not filled 
out (ohoora by oquare braeketa) the water molecnleo. In 

ealeulatint baato of formation, the moleeolar weight taken hao been that 
ahown (ie., Q doea not include heat of formation of water m<4eculeo not ohoorn). 


Chromium. — (Continued) 


CrClj.6H>O(0T «y > 

(Cr.6HtO>CU 

CrCU.lOHtO - (Cr 
4Ht0.a)at.6Ht0. 
(Cr.4Hs0.a)Cli. . . 
CrOiOt 


[Cr]a(OH)t<riolet) 

[Or]atOHivk>l«t) 

(CrOHjataromCrCll + 07) • 


ICrlBriojue) 

(CrBrslBr^fToeo) • • • 
(Cr.4HiO.BrilBr.- 

2HtO<^eeo> 

(Cr.6HiO)Bri . . . . 
[CrJj( 804 )»<vk>l®t) . . 


(a*so4i»(804)i 

[Cri(S04)ii804 

Cri(S04)4(modifled by beet) 

- f(>i(804)iJ.(OH)j + 

HtSO* (?) 

(Crt(S 04 )l](xr«es) 

Cr7(804)i.l4HtO(viol®t) 

- (Cr.6H»0)i(804)i.- 

2H*0 

(Cr.6HtO) i(S04)t.3Hi0. . 
Crt(S04)a.l7Hs0(viol«t) “ 
(Cr.6HtO) j (S04 )i.6H jO 
Crt(S04)a.6H]0{frMD) ■ ■ • • 
HtCrs(S04)4 


H4Cri(S04)i 

H4Cr(S04)4. 

(NH4)*Cr04 

(NH4)»Cr»0: 


CraiSNH. 

Crai6NHi 

CrtCj 

PbCr04 


e 

i 

2416 

50 . 3(to blue) 

(441) 

0 

3574 

0 

(»»•) 

e 

1822 

35 

(413) 

gaa 

513.5 

liq. 

(•n 

Uq. 

549 

+ H 1 O 

(47, 44, 110, 
714) 

aq. 

021 

+Ha* 

(>•••) 

aq. 

834 

-KHa* 

(••»•) 

aq. 

746 

1 

+ NtOH - 
(CrOHJ 
(OH)i 

(441) 

aq. 

613 

+ NaOH 

(441) 

aq. 

565 

+ NaOH 

^441) 

0 

2279 

+ 2,8ji« 

(441) 

c 

2270 

-60.0 

(441) 

aq. 

3155 

(CrllOH)* 

H»S04 

^40, 204, 070) 

aq. 

3135 

+ KOH 

(101) 

aq. 

3106 

+ KOH 

1 

(141) 

aq. 

3076 

+ NaOH: A 

(443) 

ftq- 

1 

3059 

+ NaOH 

f443) 

1 

1 

C 

7119 

42.3 

(fl4) 

1 

C 1 

1 

7412 

1 

34.7 

(014) 

1 

0 

7995 

26 

(443, 414) 

0 

1 

4718 

56 

(443, 014) 

1 

aq. 

1 

1 


+2NaOH: 
AQ «- 139 

(441) 

aq. ! 


+4NaOH: 

AQ * 28w 

(443) 

aq. 

1 

t 


+6NaOH; 
AQ • 40o 

(443) 

e 

1148 

TOO 

(303) 

aq. 

1120 

N; A 

(lit, 733) 

c 

1758 

— 54** 

^*40 

(110, 714, 
733) 

600 

1705 

N 

1 

(110, 714, 

733) 

c 

719.2 

disaoe.* 

(343e) 

e 

096.0 

dieooe.* 

(3430) 

0 

544 

CriO« + C* 

(3140) 

0 

013 

Pb(NO,), 

KtCr04 

(444) 


Molybdenum 


Mo 

0 

0 

Def. 

MoOi 

0 

55o 

Mo + HfO;* 
A 

MoOi 

0 

728 

Mo + Ot: A 

MoO. 

aq. 

681 

MoOa + HtOi 

M 0 O 7 


1020 

NatMoO. 

MoO. 

aq. 

1 

506 

MoOt 4* HiOt 

M 0 O 7 

Aq. 

1303 

KtMoOi 

HtMoOd 

c 

1034 

diaaoe.A 

1 

aq. 

1 

1032< 

HtSO. + 

NatMoO. 

H.MoO. 

1 

c 

1337 

diaooc. 

24MoO».28IOi.4HtO 

1 

0 

B 

«ron 

+ NaOH 

B 

amorp. 

0 

Def. 

BOJ’ 

Bor* 

aq. 

aq. 

729 

000 

NaBOi: A 

NatBO. 


(07,e 711 J 

(300, 711, 
730.0) 
(710, 030, 
Oil) 

(700, 010, 
Oil) 

(700, 010, 
Oil) 

(700, 010, 

Oil) 

(•»••) 

( 010 ) 

(030) 

( 107 ) . 


( 040 ) 
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Boron. — (ConHnited) 


BiOi 

c (T) 

1171 

+ KOH 


OQ. 

1202 

-HiBOi 

B 4 O 7 

aq. 

2668 

NaiB.Or 

HiBOi 

e 

0 

1083 

- 22 - 6 J;o 


aq. 

1030 

BQi + H.0 

BFi 

(aa 

1075 

102 


aq. 

1178 

HaBOa -h HF 



•Q. 

1408 

N - HCl 

HBF 4 

aq. 

1498 

HaBOi + HF 

BQi 

too 

373 

B + Cla 


Uq. 

392 

too 

BBn 

Uq. 

179 

350414 

CNH4)BOi 

200 

863 

N 


1320 

862.0 

dU. 

(NH4)iHBOa 

300 

1241 

N 

(NH4)4B0|... 

aq. 

1327 

N 




(4t«) 

(*?•) 

(740, 070) 
(•4, t»l) 

(•«) 

(•♦) 

(»•) 

(••) 

(••) 

(••) 


Aluminom" 


"(a) 

e 

0 

Daf. 




0 


Tr.; 0.30»« 

(41#, #11) 

Al***.- 

aq. 

529 

AlQa 


AlfOaepruadaB) 

0 

167# 

4-NatOi 

(71#) 

AltOKpowdB) 

amorp. 

1630 

A1 -f- Oil A 

(S7, 141, a#a 
71#. •) 

Al(OH)a 

1 

ppt. 

1275 

Aiaa + 
NH 4 OH 


AlFa 

0 

1377 

analofy 

(»•) 


aq. 

1507 

AlCla + HF 

(7#4) 

*»r 

*q. 

2474 

KaAlFa 


HaAlFa 

*q. 

2467.5 

AlFa + HF 

(4i.l, 744) 

AlFa5HiO 

0 

1571 

107HP(aa%) 

(»») 

AlF$o3|HiO(MlofaW) • • 0 • 0 • • 

e 

3516 

- 6 . 91 * 

(”) 

AIF a.3 1 B tOdMoloblai 

0 

3518 

-l-HF 

(»*) 

MCU 

0 

698 

326 

(#1, at, #4, 
•a#, # 7 #) 


000 

1034 

A1 + Ha 

(i##,##a, 
aaa, *7#) 

Al(n».6HiO 

0 

2686 

55i< 

4M 

(•••) 

AIBr« 

0 

530 

857 • 
looa 

(•♦) 


ftq- 

887 

+NH 4 OH 

(•#. ••1) 

Alli 

e 

308 

372* 

(•*) 


aq. 

671 

+Ka 

(•*) 

AliSa 

0 

1443 

814 

(#•7) 

AltCBOala 

0 

2900 

dIaMM.* 

(!••##) 


•q. 

3609 

•fBaaa 

(814, #74) 

Ali(804)a6Ha0 

t 

5181 

334 

(•••) 

Alt(804)al8Ha0 

e 

8816 

34 

(»••) 

AlOaSOt 

0 

1030 

813.4 

(«) 

JdCUSaOt 

e 

870 

315.0 

(«) 

Aiaa.5Ha8 

e 

720 

815.0|}„ 

(**> 

AIN 

0 

550 

+Oa 

(844, 844, 

441) 

AlPa. 3 NH 4 P.UHaO 

0 

2804.8 

-35.7 

(•*) 

AlClaNHa... 

0 

004 

228» 

(»*) 

AlCUNHaa 

e 

1060 

253.1** 

too 

(»«) 

AlCU3NHa 

0 

1183 

126.8** 

(•*) 

Al(na.5NHa 

e 

1435 


(»») 

Aiaa.6NHa 

e 

1527 

26.6>*„; A 

(88, 848fa) 

AlCla.NH 4 Cn. 6 NHa .... 


1005 

-11.5 

(»*) 

(«) 

AlCU.9NHa 

t 

1764 

33.3; A 

NH 4 Al(B 04 )a.l 3 Hi 0 

e 

5000 

— 40** 

1700 

(844) 

AliCa 


341 

+ 0 . 

(148, 1144) 

Ala0a.S10a(ABdalwat«> 

e 

2311.0 

+ HF 

(744) 

AltOa.8iOadifik«Mi 

c 

2300. • 

+HF 

(744) 

AlaOa.SOttaOUMalaal 

c 

2321.4 

+HP 

(744) 

Ala0a.38|04tri«« fcaolUa*). 

unorp. 

410# 

C + Oa 

(174) 

A1 aOa. 38iOa.H fO(aaabaH«l< 

amorp. 

3055 

C + Oi 

(174) 

8AlaOa.28iOMMDK«) 

0 

6127 

+HP 

(744) 

AUTla 

0 

3180 

+Ot 

(1484) 

AlCUIZaat 

0 

003 

303 

(”) 

AlCu 

0 

88a<r) 

+Bra 

(474) 

AiCoa 

e 

10a 

+Bra 

(474) 

AlaCv 

0 

30a 

+Bra 

(#74, 441) 

AlduAgd 

e 

834 

817 

(»*) 

AlaPo 

• 

105 

155aBa(a) 

(184) 

AlCo 

1 

a 

134 

446Ba(a> 

(144) 

AlaCo 

a 

360 

2368Hmu) 

(144) 



6Ut« I Q, k j 

Yttrium 


Yt.... 

YtOi 


Yt*(804)4 

Yti(S04)i.8HfO 

Yt(OH). 


e 

0 

Def. 


Q 


e 

306 + Q 


aq. 

496 + Q 

iODi 

*q. 

2586 + 2g 

+ Baaa 

0 

4830 + 2g 


ppt. 

711 

Yti(804)a + 



Ba(OH)t 


(•”) 

(•»•) 

(070) 

(•74) 


Lftnthuuum 


La 

UlOi. 


IaiOk' 

•(fcydfmt*d ) 
LaiH. 

uai 


ft 


• • • • • 


LaSt 

U,S. 

Lai(S04)i 

Las(804)4.8Hi0 
IaAU 


e 

0 

Def. 

aq. 

751 

LaCU 

0 

1012 

La + Da 

amorp. 

I 880 

analocy 

amorp. 

2010 

^ 2 (pciioo)’ * 

c 

670 

+HCI 

0 

1116 

131** 

1*00 

aq. 

1247 

U»Oa + Ha 

0 

678 

133hci 

0 

1328“ 

SOOna 

aq. 

4131 

-f* BaCli 

0 

6403 


0 

OaoCT) 

+Oi 


(••7, 710.1, 
701) 

(077, 070) 

( 010 ) 

(077) 

(077) 

(170) 

(170) 

(070) 

(070) 

(701) 


Praseodymium 


ft. . . . 

ft*** 

PrOt.. 

fttOi 

ftiOii 

ftO*. 


PrOaHiO. 

PrClaTHtO 

ft(NOi)f... 


8a 


8afO> 

8atOt(frea 

BSOo 


8aCU.NH«. . . 
8aa4.3NHr. 
8aCI«.aNHi . 
8aa«.4NH4.. 
SaCUSNHi.. 
8aCl4.8^fH•. . 
SaCUOiKHt. 
SaCl4.10iNH« 


0 

0 

Def. 

aq. 

650 

Praa 

c 

900 

180hnO|(«) 

0 

1745 

ft + o« 

c 

535# 

lI30HNOa<«) 

amorp. 

172# 

analogy 

e 

1006 

1401*.^ 


8804 


1146 

ftfOacuaorp.) 



+HC1 

0 

1311 

131*^ 

*^*8444 

a 

8137 

23*7 

"1004 


1834 

ftaOa+HNOa 

Samarium 


a 

0 

Def. 


Q 


a 

462 + D 

+Ha 

amorp. 

462 + 0 

+Ha 

c 

839 + 0 

156a*a 

• 4 * 

405 + 0 

Iona 

e 

471 + 0 

diaaoe.* 

c 

586 +0 

dlaaoo.* 

0 

695 +;0 

dlaaoo.* 

0 

798 +0 

diaaoo.* 

0 

804 +0 

diasoo.* 

0 

1173 + 0 

diasoo.* 

0 

1305 + 0 

diaaoe.* 1 

0 

1473 + 0 

diaeoe.* 1 


(701) 

(IIOJ) 

(701) 

(1101) 

(701) 

(070) 

(070) 

(070) 

(070) 

( 1100 ) 


(070) 

(070> 

(070) 

(070) 

(••••) 

( 0000 ) 

( 0000 ) 

( 0000 ) 


Neodymium 


Nd... 

Nd*** 

NdiOa. 


NdCb 


Ndli 


NdiSi 

Ndt(804)a 


• Aia» Id ttq. COOi (400). 


Ndi(S04)4.6Hi0 

Ndt(S04)».8Ht0 

Nda«.NHa 

NdCUaNHi . . . . 
NdCU4KHi... 

Nda*.6^rH•. . . . 

Nda4.8NHa. ... 
NdCUUNHi... 
Ndas.l2NHi... 


e 

0 

Def. 


•4* 

686 

Ndaa 


0 

1820 

Nd + Oi 

(741) 

amorp. 

1704 

analogy 


c 

1032 

140m4 

(474) 

aq. 

1181 

NdtOi(uK>rp.) 

+ HCl 

(474) 

c 

650 


(474) 

aq. 

855 

NdtOa + HI 

(474) 

0 

1009 

+Ha 

(474) 

c 

3848 

153m 

(478) 


4001 

H 1 SO 4 + 
NdtOa 

(474, 474) 

0 

5397 

35 

(474) 

0 

6262 

28m4 

(474, 474) 

0 

1163 

dimoe* 

(4444) 

0 

1279 

dimoe.* 

(4444) 

e 

1486 

diaeoo.* 

(4444) 

0 

1584 

diaaoe.* 

(4444) 

0 

1863 

diMJC.* 

(4444) 

0 

2118 

diaeoe.* 

(4444) 

0 

2200 

diaaoe.* 

(4444) 
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Formolft 


Bute I Q. kj I Method | 


Ut 


Formula 


Bute 


Q, kj t Method 1 


Ut. 


Erbium* 

Cerium^ 


Magneshim. — (ConHnued ) 


Ce 

e 

0 

Def. 


CeOi 

0 

088 

Ce -f Oi 

(iia, Tia.4, 

741) 




600 

Coat 


CoCU 

60 

1178 

Ce + HCljc 

(144) 


600 

1186 

analogy 

(144) 

Cet(SOi)s 

aq- 

3318 

+ BaClt 

(474) 

Cet(804)s.4HHiO 

0 


67.6 

(474) 

CeAli 

0 

164 

2596HCTit): * 

(144, 7il) 

CesAl 

0 

Ber 

02 

yllimn 

2406HCl(a); * 

(144, 7»1) 

Be 

c 

1 0 

Del. 


Be** 

aq. 

354 

BeQt 


H^Odoir temp.) 

c 

1 501 

1 

Be + HF 

1 

(144, 144, 
447, 700) 

Be(OH)i 

ppt. 

865 

-fHQ: A 

(047, 740, 

744, 474) 

BeFi 

aq. 

1007 . 0 

Beat + AgF 

(744) 

HsBeFs 

aq. 

1643.0 

Be + HF 

(144) 

Beat 

c 

471 

Be + Clt 

(700) 


aq. 

685 

214 

(047, 414) 


Ba.OHtO 

656 

185 

(1041) 

B€01t.4Hi0 1 

e 

787 

diaeoc.* 

(lOtl*) 

BeBrt 

0 

378 

233Ha(B) 

(1011) 

Belt 

e 

282 

262Ha(#) 

(1011) 

BeSOt 

e 

1167 

1 

144n»oh:* a 

(••0, 004, t 


aq* 

1236 

4* BaClt 

(417, 470) 

BeBOt.HiO 

c 

1460 

+ HtO* 

(•00) 

Be80«.2HiO 

e 

1716 

® O'l'ooo 

(too, 007) 

BeB 04 . 4 Hi 0 

0 

2375 

4.6 

(140, 007, 

• 14, 470} 

BeXNOi)i 



aq. 

773 

BeSOt + 
Ba(NO.)i 

(#47) 

c 

082 

diaaoe.* 

(looia) 

BeaUNHi 

€ 

1225 

I20Ha{i) 

(1041*) 

Beai. 6 NHs 

e 

1384 

diaaoe.* 

(loot*) 

Beat.l 2 NHs 

e 

1840 

diaaoe.* 

(1001«) 

BeBrUNHi 

c 

1162 

14lBa(t) 

(lots*) 

BeBrt. 6 NHi 

e 

1321 

diaeoc.* 


BeBrt.lONHi 

c 

1626 

diaaoo.* 

(lots*) 

BeIt.4NHi 

c 

1086 

146Ba(t> 

(tool*) 

BeIt. 6 NHs 

0 

1267 

diaaoe.* 

(lots*) 

BeUiaNHi 

c 

1807 

diaaoe.* 

(loot*) 


) 


Magnesium 


M« 

Mf+* 

hlsO(beaib> 


Mg(OH)i 


Mg(OH)i<bru«lt«) 
MiF. 


MgCli 


Mgat.2BiO 

McClt.4HtO 

MgOlt.SHsO 


MfOi-McO 

McCls.MgO. 6 HtO. 

Mgat.MgO.ieHiO 


-f leOOHtO; AQ»* - 6.7 (•»•). 


0 

0 

Def. 


aq. 

461.2 

MgOt 


amorp. (?) 

610 

Mg + Ot; A 

(S14, 000. 07f, 
7Se.l, 477, 
1414) 

ppt. 

916 

Mg80« + 
NaOH 

(074, 1440) 

e 

936 

+ NaiOt 

(7IT) 

ppt. 

1104 

Mgat + 
AgF; A 

(404, 404, 

741) 

e 

641 

160.6J;, 

(147.4, 474) 

400 

791.5 

Mg 4- net 

(144, 4.4. 

444, 014, 

444, 474) 

200 

791.0 j 

dil. 

(114, 474) 

100 

790.2 

dil. 


60 

789.0 , 

dU. 


20 

785.6 

dil. 


10 

776.6 

dlL 


e 

1278 

85^* 

100 

(444, 474) 

e 

1894 


(444, 474) 

• « c 

2495.8 

1 

(411. 411, 

474) 

e 

1762 

61bO 

(“) 

0 

8379 

161bci 

(*«) 

c 

6310 

82bci 

(»•) 


107.6 (•»•). Er(CtHsO«)».4HiO 


MgOHCl 


MgBrs 

Mels.. 


MgS 

M«80i 

MgSOs.3HsO 
MgBOi.eHsO 
M<804 


Mg80«.HtO. 

McS04.2HiO 

MgS04.4Hj0 

Mg304.6Ht0 

MgS04.7HtO 


MgStOs 

Mg8t0s.6HfO, 
Mg(HS)s 

MgiNs 

Mg(NOs)i 


^Mlachmetallt 40% CeOt, heat of oonibtution 1 g »m e.026 kj 


Mg(NOt)t.eHtO 

(Mg(NHi)s)++ 

MgCli.NHi 

Mgat.2NHs 

Mcai. 6 NHi 

BfsBri.NHs 

MgBrs.SN{« 

MgBri. 6 KH| 

MgIt.2NHs 

MgIt. 0 ^fHs 

Mg 804 .(NH 4 )sS 04 . 3 HtO 
Mg804. (NH 4 ) SSO 4 . 6 H lO 
8Mg80s.(NH4)iS0t.- 

OHiO 

8Ma80s.(NH4>s80t.> 

I 8 H 1 O 

Mgj(P04)i 

MgHP04 

Mg(NH4)P04.6Ht0 

McHAi04 

BtlgH4(Ae04)t 

Bigi(Ae04)s 

Big(NH4)Ae04.6Ht0. . . . 

MgCOs 

MgCNt 

Mg(CN)t 


o 

400 

0 

eq. 

o 

0 

0 


400 

200 

100 

60 

20 

o 

e 

0 

e 

0 


aq. 

0 

aq. 

c 

400 

200 

100 

60 

20 

16 

12 

o 

aq. 

e 

0 

»q. 

o 

0 

0 

0 

0 

e 

e 

€ 


e 

coU. 

coll. 


aq. 

aq. 

0 

e 


e 


804 

610 

700 

363 

672 

344 

008 

1022 

2800 

1260 

1344.8 

1344.6 

1344.3 

1344.2 

1343.0 
1576 

1871.0 

2471.7 

3062.2 

3364.1 


1608 

3337 

401 

405 

876.8 

876.6 

876.6 

876.7 
876.7 
876.1 
875.0 

2611 

622 

774 

006 

053 

1263 

656 

786 

1223 

646 

1116 

8886 

4254 

6767 

0321 
3830 (t) 

1740 

3773 

1351 

2263 

3061 

3107 

1110 

248 

160 


Mgas + 
HfO^ 
181»» 
iona 
208 
iona; 

-23-6li‘ci 

g6lt 

dil. 

MgS04 + 
BaClt 
dU. 
dil. 
dU. 

17.7 " 

400 

-O.oi* 

400 

400 


MgSOs + 
BafiOi 
— 12 4‘* 

^*•*400 

Mg(OH), + 
HtS 

+ Ha; A 
Ba(NOi)t + 
MgSO« 
dil. 
dil. 
dU. 
dU. 
dU. 
dU. 

400 

Mc(NHi)tat 
diaaoe.* 
dieaoc.* 
mix. 

diaaoo.;* A 

diaaoe.* 
diaaoo.* 
diaaoe.* 
diaaoo.* 
diaaoo.* 

+ 4HtO 
-41 


— 03.2Ha(se4) 
MgSOi + 
NaiPOs 
MC 8 O 4 + 
NasHPOs 
Mc(NH«)sa, 
+ NasHPOs 

N 

N 

N 

Mc(NH*)tat 
-f HsAa04 
MgSOi + 
NatCOs 

+o« 

Ba(CN), + 
Mg804 


(Tta*) 

(«) 

(«) 

(070) 

(•tT) 

(■OS) 

(iOS) 

(••») 

(isT.t, 4aa» 

•#■• aia, 
•aa.i* 474) 

(070) 

(070) 


(s«a, aaa, 

■70) 

(070) 

(#70) 

(474) 

(l»7.i,o SIS»| 

414(0 444( 
404(0 S07» 
414, 444, 


444, 474) 

(474) 

(474) 

(474) 

(444, 714) 

(474) 

(Sa4,f 474) 


(411, 474) 

(114) 

(141*) 

(1410) 

(114) 

(I44,a tit, 
1110) 
(1410) 
(1410) 
(1140) 

(141,0 1140) 
(141,0 1140) 
(141) 

(444) 


+87.1hO(M0) (•••> 


(141) 

(114) 

(114) 

(114) 

(141) 

( 101 ) 

(141) 

(114) 

(••» 4*1, 

10440) 

(417) 

(1047) 
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Formula I State I Q, kj 1 Method I Lit. 


Magnesittm. — (Continued) 


MfSiOl 

0 

1460 

MgO + SiOt 

(474) 

MgaSn 

c 

206 

1003 FeCli -f 
Ha(8) 

(144) 

MgZzit 

e 

66 

+Ha: 4 

(144. 441, 

1444) 

MgCdiO) 

0 

38 

+BC[\ A 

(*44, 441) 

M«Cd(i> 

e 


Tr.; 1.2»*» 

(4*1) 

MgHgi 

Uq. 

72.4 

+Ha 

{•••) 

MgBrs.HgBrt 

4400 

868 

mil. 

(lOlX) 

MgBri.2HgBrt 

4200 

1025 

mix. 

(1414) 

2MgBri.HgBri 

4800 

1576 

mix. 

(1014) 

Mg(CN),.Hg(CN)« 

600 

- 60 

mix. 

(lOll) 

Mg(CN)t.2Hg(CN)i 

000 

- 316 

mix. 

(tail) 

MgCli.2Hg(CN)f 

1000 

248 

mix. 

(loot) 

MgCU.2Hg(CN)i.6H»0 . . 

c 

2008 

43‘» 

(1044) 

MgBri.2Hg(CN)» 

1000 

161 

mix. 

(1444) 

MgBrt.2Hg(CN)i.8HiO... 

t 

2618 

66.8>4 

(1404) 

MgIi.2Hg(CN)» 

100 

63 

mix. 

(1044) 

Mglt.2Hg(CN)s.8HiO. . . 

c 

2426 

-84»* 

(1044) 

MgiAlt 

e 

206 

+ Ha; A 

(144, 441) 

MgCo 

0 

64 

lOOOHaui) 

(144) 

MgaCe 

e 

Cal 

71 

icium* 

1907Hadi) 1 

(144) 

Cm 

e 

0 

Def. 


Cm** 


642 

CaCi] 


CnO 

€ 

634.4 

1 

lM.4Ha: A 

(444, 417, 

474) 

CaO(ii) 

C 

1 

Tr.: 1.2^;« 

(444, 404) 

CaOdMO) 

axnorp. 

636 

104.8HC1 

(47, 144, 444, 
417, 474) 

CaOt 

t 

662 

70.2Ha 

(44,# 447) 

CaOa.8HiO 

c 

3007 

+ BCI 

(447) 

CaH (?) 

c 

8o 

diaaoo.* 

(741) 

CnH« 

0 

102 

346Ha: A 

(440, 474, 

444, 441.1,0 

741) 

C*(OH), 

0 

088 

i28Ha 

(441, 444, 

<44, 474) 



000.2 

+Ha; A 

(47, 144, 474, 
714, 474) 

Ca(OH)i.HtOi 

0 

1217 

HtOi + 
Ca(OH)i 

(447) 

CaFi 

ppt. 

1108 

N 

(444) 

Caa 

0 

400 


(*•) 

Cm^Vhrntd} 

c 

708 

• 

(44, 147. •,• 

114, 140.4, 
441,« 411, 
474, 


m 

873.3 

dO. 

(144, 401.4,* 


400 

873.0 

<m. 

474, lOOlf) 


200 

873.4 

Ca + Ba; A 

(144, 147, 


100 

872.3 

dfl. 

444, 444, 


60 

871.8 

dil. 

474, 444, 


20 

10 

860.8 

863.6 

dU. 

dfl. 

714) 

1 

4 

6 

864 

CaClt.6BiO 

(741) 

CaCli.HsO 

0 

1110 

40** 

•40 

(444. 474) 

Oftd^SHsO 

c 

1306 

43** 

^440 

(744,# 444, 
474) 

CACIt«4HiO« , 

t 

3010 

7-7** 

40# 

(740,# 444, 
#74) 

Caai.6HtO 

Caai.4Ha 

c 

2600.1 

— 10 1** 

(414,0 114, 

14#.4, 111, 
744,0 Oil, 
444, 474) 

(••«t) 

CaO».2C#0 

e 

2115 

416hci 

(»•) 

CaCif.3CaO 

c 

274# 

616hC1 

(»•) 

CAClt»8CikO*3HfO • 

t 

0 

3810 

400hci: a 

(ia, 444) 

CaCI»^3C^0.16HiO 

e 

7674 

266Ha 

(»•) 

Ca(aO>i 


760 

iona 


CaOCli 


748 

41.1 

(744) 

(•••) 



780 

4*3107; A 

CaOClt.HiO 

0 

1043 

31.6 

(444, 74#, 
‘744, 744) 


• W^Uatonite to pMudowoUMtoaito (T) heat of rorenlOD, 1.16 eal'per mol 
(•). Cemoat, “heat d burning" 



CaBrt 


Calchim. — (Continued) 


CaBrft.dHtO 

CaBri.3CaO.3HiO. 
CaBn.SCaO 16HiO 
Call 


CaIi.8HiO 

CaIt.dCa0.16HiO 
CaS 


CaSOi.2HiO 

CaSOiCanhydrit*) 

CaSO«<aoinbte) 


Ca804.iHi0 

CaS04.2Ht0 


CaSfOi 


CaSiOi 

CaSiO».4Hi6 

CatHS)i 

CaIi.4SOi. . . , 

CaSe 

CaNi 

CaiNt 


Ca(NOi)i.4HiO 
Ca(NOi)* 


Ca<NOi)i.2HiO 

Ca(NOi)i.3HiO 

Ca(NO*)t.4HiO 




Ca(NHi)f 

Ca(KO»)i.Ca(OH)i 

CatNOi)i.Ca(OH)i.. 

2tHiO 

CaCli.NHi 

CaCli.2NH« 

CaCli.4NHa 

CaClafiNHi 




CaBraNHi. . 

CaBri.2NHi 
CaBr».4NH» 

CaBri.SNHi 
CaUNHt... 
CaIi.2NHi.. 
CallCNHa.. 

CaIi.8NHa 

Ca80<.(KH4)i804.Bi0. . . 

2CaS04.(KH4)i804 

6Ca804.(NH4)i804.HiO . 
Ca«(P04)i 




CaHPOi 


aq. 

0 

0 

0 

e 

•Q. 

c 

0 

0 

nq- 

0 

0 

0 

•q. 

0 


CaHP04.2Hi0 


CaH4(P04)i. . . . 
Cai(Ai 04 )a 


• 9 • 


CaHAaOl 


CD 

360 

230 

lie 

33.6 

aq. 

0 

*q. 

0 

0 

0 

e 

e 

0 

400 

4 

0 

e 

0 

e 

e 

0 

e 

e 

0 

0 

e 

e 

0 

e 

o 

0 

0 

c 

e 

0 

0 

0 

ooU. 

ppt. 

0 

pp*. 

ppt. 

pp*. 


670 

7S2 

2603 

3718 

7681 

638 

664 

2936 

7460 

476 

601 

1731 

1406 

1416.0 

1427 

1666 

1000.6 

1132 

1132.2 

1133.1 
1131.6 

1130.4 

1688.4 
2866 

676 
1876 
870 
• 317 
466 

1607 

043 

060 

061 

164e 
1840 

2134 

382.0 
1036 

2686 
014 
1023 
1201 
1660 


803 

020 

1200 

1473 

666 

702 

1300 

1371 

2877.4 

3001 

8670 

4110 

400o 

1810 

2303 

311# 

332# 

1480 


102 


ion# 

26«.0^, 


iona 
7.3* 
366hi 
110.0»„ 

N 
+S 

23 

11.1 

N;* 

16 

“1 

Iona 
dU. 
dll. 
dfl. 
dU. 
iona 

-S3.3» 

K 

diaaoo.* 

146Ha 

diaaoo. 

1432Ha: A 

+Bri 

AQw 

Iona 

-^(NOi)a« 

4HfO 

dimoe.* 

diaaoe.* 

-S0.3J^ 

14lHHOa 

104hNO| 
diaaoo.^ 
diaaoo.:* * 
+ BCiite 
+Ha; A 

diaaoo.* 

diaaoo.* 

diaaoo.* 

diaaoo.* 

diaaoo.* 

diaaoo.* 

diaaoo.* 

diaaoo.* 

- 0.0 

18.8 

0.7 

NaaP04 + 
CaClt: A 
N 

N; A 


NatHPOa + 
CaOi 
N 
N 

N 


(an, tra, 

taaa) 

(#74) 

(#44) 

(#44) 

(411,411, 

#74) 

(#44) 

(#44) 

(4#7) 

(7#4) 

(174) 

(#44, 717) 
(##4, 41#, 
717) 
(#74) 

(#44, •##, 

at##) 

(##, 4##.#, 
•74) 

(174) 


(#74) 

(#74) 

(#4##) 

(# 44 ) 

( 111 #) 

(474, 47#, 
7#4) 

( 1 ##) 

(44, #4a.4, 

411, 474) 

(#a4.t4##t) 

(744,414) 

(441#) 

(441#) 

(44, 444.4, 

411, #74) 
(444) 

(1444) 

(1444) 

(•#7*) 

(•tf,# 44#) 
(447,# 44») 
(444,# 447,# 
44#) 

(447,# 44#) 
(447,# 444) 
(447,# 444) 
(447,# 444) 
(447,# 444) 
(447,# 444) 
(447,# 44#) 
(417,# 44#) 

<»•) 

(»•) 

(»•) 

(44, 44, !•#• 
44#) 

(44, 44, 

444) 

(44, 44, 14% 
444) 

(44, 44, I44» 
444) 

(44, 44, 144, 
4#l, 444) 

(441) 
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FormuU 


OftH«(A«04)t 

CaCt 


I Btata I 


Calcinm.- 

I ppt. 


Q. kj 


Method 


Lit. 


Formula 


State 


(Continued) 

234* N 

M 254. Osa 


CaOOi 


ooU. 


CaOO««ldte) 


1206 


1200 


GaCOKAngotilte)' 


CaCt04 


ppt. 


CaCCHOi)! 


400 


CaC4H404 


CaCCiHtOi)! 


aq- 


Ca(C«HiOi)«.HtO .... 

Ca(CiHiO)i 

Ca(CfHiO)».2CtH»OH 

3Ca0.4CiHc0H 

CaCNi 


1207 

1305 

1368 

1371 

1795 

1789 

1498 

1627 

1789 

047 

1534 

3245 

356 


Ca(CN)» 

3CaO.Ca(CN)i.l6HK)... 

CaSi 

CaSii 

CaStOi 

Ca.8iO« 


aq. 


«1« 

«!• 


CaSoa 


CaZni 

CaZnit 

CatZni 

CaCdi 

CaBrt.HfBri 

CaBri.2H(Bri 



Ca(CN)t.2Hf(CN)i 

Caaf.2Bt(CN)i 

CaCb.2Hg(CN)i.6HtO. . . 

CaBr«.2Hg(CN)t 

CaBrt.2Hg(CN)i.7H«0. . 

Calt.2Hg(CN)i 

CaIt.2Hg(CN)».6HtO.... 
Ca(Ag(CN)i)i 


CaAgCiN* 


CaiPe(CN)i 

CatFe(CN)«.13BiO 

CaBtFe(CN)4 

CaO.BiOi 

Ca 0 . 2 Bi 04 



3CaO.BiOi 

CaAli 

CaO.AltOa 


4400 

8400 

000 

1000 

e 

1000 

o 

1000 

e 

500 

1000 

aq. 

0 

aq. 


2CaO.AltOa 


aCaO.AltOa 


sU. 

Sla 


3CaCli.4A101f • • . . 
CaO.AlfOt.* 
68iOs(h«iiLuKU(«) • 
3Ca0.Alt04.28i0a 


CatMgi 

CaC2s.2MigGlt.2BtO .... 
iMgGOaCaCOttdoipi&iw) • 


263 

6729 

37o 

94o 

1570 

ISlo 

180 

123 
201 
17o 
126 
050 
1107 
33.0 
• 233 
330 
2108 
242 
2328 
132 
1943 
31 

287 

578 

4031 

34 

1936 

3145 

2646 

3339 

213 

23oo 

20oe 

35oe 

5264 

327e 

622a 

180 

8934 

2230 


CaOt 4- 
NatCOi 
CaCTi + 
KtCOt; A 


+Ha; A 

KiCiOi + 

CaClt 

2 SlJo 

ions; A 
N 
N 
29*4 

^*^440 

ione; A 

(iio> 

154Ha (110) 
389BCa 
+Oi: A 


*+o» 

+ Ot 

CaCOa + 

SiOt 

CaCOa + 
SiOt 

1180F*ai+ 
HO (n 

OIOhq (»> 
1594Ha (t») 
oiOaa (to» 

668Ha (IP) 
mix. 

mix. ' 
mix. 
mix. 
mix. 

-61. 1» 
mix. 
-82.0)* 
mix. 

-94 

Ca(CN)t + 
AgCN 
Ca(CN)i + 
AgCN 
N 

-1910 

N 

04Ha 
87Ha 
213HCI 
348 . 8hci 

looonau) 

CaCOa + 
AltOa 
CaCOi + 
AltOa 
CaCOa + 
AltOa 
1451 

1197hP(»%) 
CaCOa +■ 
AltOa + SiOt 
8350Ha u) 
93)0 

132.lHa 


( 101 ) 

(170, 417, 

• 00, OtO.S) 

(•*) 

(II. 10. 01, 
III.* 104. 
017. 070, 
107S«) 

(It. 19, Oil, 
017) 

(■•) 

(•») 

(•») 

(»•) 

(••) 

(10, lit) 

(SI) 

(••) 

(410) 

(411) 

( 100 ) 

(111, 417, 

170, III, 
001, 171) 
(III) 

(115) 

(1017) 

(1017) 

(171, 170, 

oil, Oil) 

(171, 170) 

( 101 ) 

(117, Oil) 
(117, 001) 
(117) 

(117) 

( 1011 ) 

( 1011 ) 

( 1001 ) 

( 1001 ) 

( 1001 ) 

( 1001 ) 

( 1001 ) 

( 1001 ) 

(1001) 

(1001) 

( 1011 ) 

(tail) 

(III) 

( 001 ) 

(III) 

(401) 


(117) 

(171, 170) 

(171, 170) 

(171, 170) 

(») 

(740) 

(170) 

(IM.OOl) 

( 111 ) 

(*4, 701) 


8r+* 


8rO 


8rOt. . .. 
BriO . . . . 

SrHi 

Sr(OH)t 


Sr(OH)t.HiO. 
8rCOH)i.8HiO 
8rOf.9HtO . . . . 

8rFt 


8ra. 

SrCli 


(aee alto p. 161) 


8rClt.2HtO 

SrCli.4HiO 

8rCli.6HtO 


BrClt.8rO.HtO . 
8rClt.8rO.9HiO 
SrBrt 


6rBrt.HtO 

6rBrt.2HtO 

6rBrt.4HtO 

6rBrt.6HtO 

8rBri.8rO.3HtO 

8rBrt.8rO.9HiO 

8rlt 


8rIt.7HtO 
8r8 


SrSOi 


BrStOa 

8r8tOi 4HtO 

6r(H8)s. . . 

8rlt.280t — 
8rla.480t. ■ . 
SrBe 


SrNa 

SraNt 

8r(N0)t 

8r(NO)i.5HtO.. . 
Sr(NO,), 

(tee alto p. 162) 


8r(NOi)t.4HfO 


aq. 


aq. 


ppt 


e I 0. kj 


Strontium'* 

0 
546 
589 


641 

643 

176 

967 

1001 

1264 

3350 

3301 

1209 


2000 

1000 

500 

200 

100 

50 


aq. 


aq. 


aq. 

0 

aq. 

aq. 

0 

aq. 


aq. 


aq. 


1000 

400 

200 

100 

50 

20 


8r(NHt)i 

Br( NHa)a 

SrOa partial hi 


446 

828.0 


Method 


Def. 

SrCIi 


(KOI 

”2], ‘a 

* 

+ HCI 

22»lfo. 

-69'7ltoo 

7 

(»o) 

AgF + SrClt; 

A 

^^HCl (toe) 


Ut 


875.22 dil. 

875.12 dil. 

874.78 dil. 

874.7 Sr + Ha; A 


874.61 
874 . 67 
1438.4 

2031.6 


2623.2 

1828 

4211 

716 

784 

1029 

1330 

1928 

2528 

2313 

4122 

670 

656 

2678 

473 

503 

1428 

1428 

1693 

2876 

577 

1129 

1912 

377 

427 

206 

386 

528 

1984 

981 

961.8 

962.1 

963.2 

963.8 

967.9 

973.2 
2158 

346 

516 


dil. 

dil. 

-12 li.’o 


-31.4!’ 

400 


(100) 

( too) 

iODB 

400 

26** 

400 

0^* 

400 

“270iS, 

16lHBr 

85.6‘» 

ione 

-18.7»* 

N; A 
O; A 
N; A 

ione 

-38.7** 

400 

N 

dieaoo.* 

dieeoc.a 

Hina 

N 

diesoe. 

1513. Shci (too) 
N; A 
26 . 8Ha 

- • KL 

400 

dil. 

ions; A 
dU. 
dU. 
dil. 
dil. 

400 


^^Ha(sppt 


(07, 400, 401, 

404, 170) 
(III) 

(40) 

(400) 

(07, 404, 170) 

(07, 111, 170) 
(105) 

(07, 170, 404) 
(III) 

(404, 711) 

<*«) 

(12, 40, 

117.1.0 100. 1, 

021.0 110, 
170) 

(124, 121, 412, 

027) 

(400, 411, 

170) 


( 100 ) 

(11, « 421,0 

010, 170) 
(II, 117.1, 

100.1, 170) 

("> 

C”) 

(100.1, tea, 

•70) 

(•»•) 

(•74) 

(•7a) 

(lao.i, 170) 

(ISO) 

(*••) 

(*•«) 

(••6) 

(017) 

(•74) 

(10, 174) 

(II, 271, 474 

(174) 

(174) 

(174) 

(1410) 

(1420) 

( 110 ) 

( 110 ) 

( 1111 ) 

(440) 

(••) 

(••) 

(SI, 144.1, 

• 10,0 174) 

(II) 

(027,0 170) 


(11, 140.1, 

010, 474) 
(400) 


diflSOO.* 


1410 


tt oontent of Ha (■o* t). 


198 
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erOkNEt 

8rClf.8NHi 

8rBri.NHi 

8rBrt.2NHi 

8rBri.8NHi 

8rIi.NHa 

8rIt.2NH» 

SrUeNHf 

erUSNH. 

8r80«.(NH4)*SO« 

8ra(P04)t 

StHPOi (?) 

8rH4(P04)i (?) . 

6ri(AB04)t 

8rHAB04 

SrH4(AB04)i (?).. 

SrCOi 


SrC#Oi.2*HiO 

8r(CT0f)i.... 


8r(CHOi)t.2HiO 
6r(CtHiOt)t 


Br(CtH«Oa)i.iHiO 

8r(CN), 

8r(CN)t.4HtO .... 

BrSiOi 

BrHg^oji 


8rBrt.HgBrf 

&Brt.2HgBrt 

2SrBrt.HgBrt 

8r(CN)t.Hg(CN)f 

8r(CN)t.2Hg(CN)i.. . 

8rCl».8Hg(CN)a 

8Knft.2Hg(CN)».6HiO 

8rBrt.2Hg(CN)a 

0rBrft.2Hg(CN)t.8HaO 

8rIt.SHg(CN)i 

6rI»,2Hg(CN)i.7HfO . 
8rU«(CN)f), 


8rAg(CN). 


8n(F«CX)(CN)a)a 


flH(reCO(CN)»)t.4HaO 

fcNI<CN)4 


88rat,4Aiaa 




h^** 

B*0 

BaOi 

B«O«.10HfO 

BmO 

B«(OH)i.... 


8t«t« 

Stronthmu 

e 

t 
e 
0 
0 
0 
0 
0 
e 
0 

ppt. 
ppt. 
ppt. 
ppt. 
ppt. 
ppt. 
ppt. 

0 
0 

»q. 
e 

0 

0 

0 

glB. 

Uq. 

4400 
8400 
4800 
000 
900 
1000 
0 

1000 
0 

1000 
0 

600 
000 


»q. 

e 

220 


Q. kj I Method 

(Continued) 

916 diaeoo.* 

1671 diMoe.^ 

S30 di»oe.* 

929 diasoc.* 

1479 diaaoc.* 

692 diaaoc.* 

803 diaaoc.* 

1197 diaaoo.* 

1381 diaaoc.* 

2594 -13.4im 

410a N; d 

1820 N 

3120 N 

3330 N 

1430 N 

2340 N 

1210 SrOi + 

NatCOa; & 
N 



2107 

1370 

1373 

1907 

1606 

1620 

1060 

264 

1410 

1620 

240 

061 

1100 

1744 

34 

-231 

331 

2116 

244 

2039 

134 


30 
146 

1116 

1282 
2201 

201 

6344 ' 


2- 61* 
too 

N; ft 

-22.8'' 

•00 

23. 3'* 
too 

N;ft 

22.0'* 

N 

fOO 

SrCOa 4* SiOi! 
NaHg + 

SrOla aq. 

mix. 
mix. 
mix. 
mix. 
mix. 
mix. 

-00*» 

mix. 

-78» 
mix. 

-91U 

8r(CN)a + 
AgCN 

8r(CN)a + 

AgCN 

107* • 

'^'»»oo 

N; ft 
+ 130** 

^*^•700 

8r(CN)a + 
NI(CN)i 
1376.9**00 


(•tao) 

(oaao) 

(•sao) 

(«••) 

(■•••) 

(1100) 

(•*••) 

(iiao) 

(•*••) 

( 10 ) 

^ 00 , 110 , aao) 
( 00 , Ito, 000 ) 

(00, 110, OOOJ 
( 101 ; 

(101) 

( 10 *) 

(•0, 00, 000,0 
• TO, 

(••) 

(»») 

(»>. 070) 

(00. 070) 

(00, 070) 

(00, 070) 

(00, OTO, 

(OOO,® OTO, 
(OOOO) 

(170) 

(•*•*) 

( 1011 ) 

( 1011 ) 

<*•**) 

(loot) 

( 1000 ) 

( 1000 ) 

(loot) 

(loot) 

( 1000 ) 

( 1000 ) 

( 1000 ) 

(1011) 

( 1011 ) 

(747, 740) 

(747, 740) 

(747, 740) 

(1010) 

(•■) 


Bariluii* 


0 

0 

D«f. 



637 

Baaf 


0 

667 

160.0y^; ft 

(07, 404, 070) 


708 

- Ba(OH), 


c 

636 


(00, 010,4 

0144) 

c 

932 

80aa 

(••) 

t 

3678 

li.4Ba 

(•*f *04) 

c 

833 


(*•) 

c 

171 


(477, 

e 

946.3 


(47, 444, 074) 

400 

993.9 

Vp BaCIj; a 

(0, 47, 474, 

044, 070) 

0 

1360 


(404) 

t 

3344 

-60.7» 

■OTO) 

• 

886 

‘•aa 

(••» 077) 

ppt* 

0 

1204 

Nj* 

(444, 701) 



1192 ?) 

-3: * 

(700) 


BaCOaHAiO. 

Ba(OB)i.8HaO 

BaOtkRiO..... 

BaF. 


n aolqtloiia (•••). BaU^tOa (?) hi 

BaOaBGt haat oontaat of BQ (***). 


Baa 

BaOi 

(ooo aUo p. 181, 182) 


Btata I g ki I Method 

Bariom. — (Continued) 


a 

0 


488 

868.3 


8.7*! 


BaCU.2HiO 


2000 

1000 

400 

200 

100 

60 

0 


888 

888.29 

887.78 

887. 

887,43 
887. 
1460.9 


Ba(aO)t 


»q. 


Ba(aOt)a 

Ba(aOa)t 


Ba(aOa)t.HtO 

Ba(a04)i 


Ba(0104)a.3HtO. 

Baai.BoO.3HiO 

Baat.BaO.5HtO 

Baaa.BaO.8HtO 
BaBrt 


BaBrt.2HtO 

Ba(BK))t. 


BaBrt.BaO.3HfO 
BaBrt^a0.6Hf0 
Ball 


BaIt.7HtO 

Ba(IOa),.. 


BaaOa)t.HtO.. 

BaIt.BaO.3HiO 

BaIi.BaO.9HtO 

Baa 


BaSOa 

BaSOi 


BaSiO# '. 

BaStO«.2HtO 

BaStOa 

BaStOt.4HtO 

Ba(H8)t 

Ba(H80a)i 

BaS0<.Hd904 

fiaSO4.2H1SO4.HfO 

Bali.280i 

Balt.4SOt 

BaSo 

BaSeOf 


BaN* 


BatNf. . . 
Ba(NOt)i 


Ba(NOt)t.HiO.... 
Ba(NO.)i 

(444 aUo p. 183T 


>t of ppt. (■••). 


e 

200 

0 

e 

800 

0 

0 

c 

0 

o 

400 

0 

»q. 

e 

c 

0 

aq. 

0 

0 

*q. 

0 

0 

o 

0 

•q- 

ppt. 

ppt. 

ftq. 

aq. 

e 

»q. 

0 

»q. 

*q. 

e 

e 

e 

e 

0 

ppt. 

•q. 

e 

e 

aq. 

e 

4 

1800 

800 

400 

200 


767 

880 

728 
700 
1033 

880 

873 
1770 
2421 
3046 

3899 

756 

778 

1388 

734 

2031 

2949 

808 

849 

2880 

1028 

990 

1324 

1905 

8998 

486 

498 
1174 
1446 
1420 
1688 
3387 

1855 
3049 

670 
1787 
2280 

3380 

1281 
1943 


1183 

83 

49 

880 

777 

753 

1075 

997.2 
968.0 

968.7 

967.8 

980.3 


do. 

dU. 

diL 

Ba + Ha 

diL 

diL 


(«) 

(•»t •«. 
tlT.a,4||4^ 
MV 

(•••, Mf,4 
MMf) 


(4TT, 4$% 

•*•) 


ai + 

Ba(OH)t 

diaaoc. 

— 28** 
^••0 

+80t; ft 

.-710 

•00 

N; ft 
— 39 mm 

+Ha 

77 II 

''Ha 

Ha 

20 . 8 ** 

404 

iona 

-17.6*^ 

Ba(OH)a + 
Br 

14lHBr 

43.110 
Iona 
-28.7*! 


Iona 

+Naf804 

189^ 

49.^ 

N 
N 

N; A 
iona; ft 
+Ht80« 

-»®1!4 

+BfS04 

-49** 

**I704 

N 

N 

101.0*;^ 

diaaoc.* 

diaaoc.* 

143Ha 
Baat + 
nSeOt 

-88«M 

+Ht80« 

-23.8**^ 

+H1SO4; ft 
—38** 

^•04 

-39.8!! 
dfl 


N;ft 

dO. 

dll. 


(it, lao.a, 

4aa,4 aia, 

•TO) 

(«) 

(*”) 

(”) 

(»»#♦»•) 
(■»■ OTO) 

{•». »Ti) 

(104, OTO, 

(••) 

Hi) 

(>l» 044) 

(**) 

(•70, iaa») 


(•TO) 

(•*) 

(•••) 

(MO, 

(*••) 

(•••) 

(•*•) 

(tro) 

(art) 

(oao) 

(MO) 

(#07) 

(••. •*•) 
(074) 

(00, 74M0**) 

(•«t) 

(070) 

(070) 

( 100 ) 

( 100 ) 

(070) 

(074) 

(1417) 

(*•>*) 

(0004) 

(0404) 

(004) 

(OM) 


(104) 

(104) 

(470, 400) 

r*) 

(*•) 

(**) 

(00, OOOf) 
(100, 007,4 
OMf) 

(00, 00, 070) 
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FormuU 


I I Q, kj I Method | Lit. 


BftNH 

^(NHi)i... 

BaBri.NH» . 

B*Bri.2NHi 

BftBrt.4NH» 

BaBrt.SNHi 

BaIt.2NHi.. 

BaI«.4KH«. . 

BaIi.6NHi.. 

B«It.8NH>.. 

Bftli.9NHs.. 

Bala.lONHi 

BAa(P04)t- ■ 


BaHPOi (?) 

B*(H*POi)i 

Ba(HaPO>)>.HiO 

B»HuP04)> (?).. 

BaiCAflOa)! 

BaHAcOi 

B&HA 0 O 4 

Bft(HiAsOi)i. ... 
B*CHiAB04)t 

BaCX)i 


BftCOt 

BaCOijj . . . . 

BaCa04.HaO 

Bft(HCO>)i. 


Ql) (wft^«riU) 




B«(CaHiOi)a.3HfO 

Ba(CtHiO)i 

8B«0.4CHi0H 

3Bft0.4CtHi0H. 

Bft(CtHi804)i 

Bft(CtH4804)a.2nt0 
B4 (CN)i 


B«(CN)i.2HiO 
B*(CN0)4 


B%HC.N,Oi.lJH.O . 
Ba(HiCaNiOi)t.2HtO 

B«(SbOC4H404)i 

Ba(SbOC4H404)t.2HtO 
BaSiOa 


Barimn. 
« 

e 

t 

c 
0 
0 
t 

c 
e 
0 
0 
c 
€ 

coU. 
c 

ppt. 

•a. 

e 

PPta 

PPt* 
ppt. 
PPt* 
PPt. 
PPt. 
PPt. 

« 

O 

ppt. 


(Coniinutd) 


BaBiFa 

BaBrt.HgBn 

BaBri.2HcBri 

3BaBra.HtBri 

Ba(CN),.Hf(CN)j 

Ba(CN)t.2HnCN),.. 

BaC1..2H|(CN)a 

BaCli.2Hc(CN)t.6HiO. 

BaBri.2Hg(CN)i 

BaBri.2Hg(CN)i.«HtO. 

BaIi.2Hg(CN)t 

BaU2Hg(CN)i.4HiO 
BaAg(CN), 


Ba(Ag(CN)t)i 
BaPtOa 


BaPtaa.eHaO 

Ba»Fe(CN)4 

BatFe(CN)4.6HiO 

BaH»Fe(CN)4. 

Ba.(F©CO(CN)4), 


aq. 

e 

aq. 

o 

0 

o 

0 

aq. 

e 

0 

•a-. 

0 

0 

e 

aq. 

o 

0 

0 

0 

lU. 

e 

4400 

8400 

4800 

600 

000 

1000 

e 

1000 

o 

900 

0 

1200 

600 


224 

330 

813 

14S6 

831 

041 

1118 

1468 

800 

996 

1180 

1361 

1440 

1327 

408a 

4160 

1810 

1733 

2018 

3010 

3422 

1104 

1433 

1061 

2334 

1217.2 




OQ- 

o 

aq. 

e 

aq 

e 

aq 


1663 

1376 

1366 

1600 

1622 

2383 

on 

8086 

3063 

2364 

2006 

230 

247 

644 

838 

891 

820 

1688 

2470 

3512 

4111 

1490 

2835 

046 

1101 

1731 

27 

230 

326 

1827 

237 

2041 

126 

1363 

136 

20 

1102 

1230 

2062 

666 

2320 

32 

1186 

1266 


473. 

Smoe.* 

diaeoe.« 

diaaoo.* 

diaaoo.* 

diappc.* 

dioBOO.* 

diaaoc.a 

diaaoo.* 

diaaoo.* 

diaaoo.* 

diaaoe.* 

N; ft 

N 

N 

+Ha804 

N 

N 

N 

N 

N 

N 

NatCOi + 
BaCIi 

Tr.:7.3ff* 

(NH4)tC»04 

+ BaClt 
too 

iona; ft 

22 “. 

000 

+HiS04 
-3.4 
82.71* 
460. ana 
206i* 

to 00 
+HI 804 
20.81;, 

7.4* 

N;ft 

- 0 * 

-20^ 

-62im 

+ HNOt; ft 
06Ht8O4 
37.3HtS04 
48Ha; ft 
ISho: ft 
BaCO« + 
SiOa 
N; ft* 
mix. 

miw 

mix. 

mix. 

mix. 

mix. 

-721* 

mix. 

-881* 

mix. 

- 02 ‘» 

Ba(CN)a + 

AgCN 

Ba(CN)i + 

AgCN 

881#* 
*®»aoa 

Iona* 
-4.4 
N 

-48“ 

N 

7lll 
10 000 

N 


(*••) 

(474, aaa) 

(lai) 

(•»!*) 

(ill*) 

(”»*) 

( 111 *) 

(•114) 

(ill*) 

(Mi*) 

( 111 *) 

(111*) 

(•*»•) 

( 111 *) 

(la, ii») 

(••» »*•) 

lit, lit) 

(474) 

(•7a) 

(••) 

(Ml) 

(•7a) 

(tai) 

(•") 

(lit) 

( 11 , 11 , aai.a 

• 74) 

(tat) 

(■•) 

(•») 

(71) 

(•■) 

( 11 , 11 , 474 ) 

(••) 

(171) 

(114) 

(1.4) 

(•74) 

(.74) 

( 111 ) 

( 141 ) 

(»»•) 

( 114 ) 

(414) 

(414) 

(•••) 

(414) 

(441) 

(444) 

(171) 

(1 Ota*) 

(toil) 

(1411) 

(1411) 

(loot) 

(1044) 

(14tt) 

(1444) 

(1044) 

(>•••) 

(1444) 

(144») 

(1044) 

(1444) 

(411*) 

(411*) 

(411*) 

(ttl) 

( 111 ) 

(ill) 

(747, 744) 

(747, 744) 


Formula 

1 8ut« 

Q.ki 

Method 

Ut. 


Barium.— 

-{Coniinued) 


Baa(FeCO(CN)t)t.UHaO 

C 

1 

4433 

— 29** 

II 004 

(747, 744) 

Ba(CN)i.Ni(CN)i 

aq. 

200 

tni«- 

(1414) 

BftCrOi 

ppt. 

1398 

BaCli + 

(174) 




KtCrO« 


BudfcSAlOli . 

0 

2273 

642 

(*») 

8Baai.4Aias 

e 

6404 

1205 

(•») 


Lithium* 


u 

u* 

UiO 

4Ut0.3Ht0 
UfOl 

LiH.^ 

UOH 


LIOH.HtO 

UOH.HHO. .. 
LiiOt.HtOi.3H>0 
UF 


0 

0 

0 

aq 


LiHFt 

UCI.. 


UCl.HiO . . . . 
IiC1.2HfO.. 
LiCl.SHtO . . 
LiBr 

LlBr.HiO... 
LJBr.2HtO. . 
UBr.3HtO. 
UI 

UI.lHtO.... 

UI.HtO 

UI.2H«0 .... 
Lil.3HtO... 
LitSOia). • . 
LifSOaai)- . ■ 

Lii804.Ht0. 

UI.BOt. » . . . 
UI.2SO«. . . . 
UtSa 

UaSe.OHiO.. 

UtN 

UNO.. 


a> 

2000 

400 

200 

100 

60 

26 

0 

c 

o 

c 

aq. 

400 

c 

CD 

400 


200 

100 

60 

26 

10 

6 

3 

o 

0 

0 

0 

200 

0 

e 

o 

o 

200 

c 

0 

e 

o 

0 

c 

800 

0 

4 

4 

e 

aq. 

0 

4 

4 


0 

278.1 
603 

3686 

627 

667 

00 

487 

606.4 

606.14 

606.18 

505.97 

605.71 

605.41 

504.0 

780.2 

636.6 
1710 

600.1 

604.7 

020.7 

407.7 

443.77 

443.441 


Def. 


67.1;;, 
30.1»; ft 

+Ha 

dU. 

U + HfO; ft 

dU. 

dU. 

dU. 

dU. 

dU. 

3oj;o 

4 3** 

191 * : ft 

110 ’ 

-4.3i» 

*110 

N 

UF + HF 

dil. 

diL 


(44, .•••) 
(441) 

(144) 

(»••) 

(471, 114,* 
714) 

(147, 441) 

(471, 71t,« 

• 74, 1474) 
(444, 441, 

• •7,» •74) 


443.27 

442.08 

442.61 

442.06 

440.06 
436.40 
427.79 


N 

dU. 

dit 

dU. 

dU. 

dU. 

dil. 


(147, 441) 
(441) 

(»•■) 

(414) 

(741) 

(741) 

(41, 441. 444, 
717, all) 

(114, f ••4,0 
•If, 147 , 0 

loaif) 

(741, •••, 
474) 

(444) 


400 


712.2 

17.2 

(117, 111*) 

1011.5 

4.1 


1310.3 

diaaoo.* 

(111*) 

360.4 

47 1** 

(too, fit*) 

397.84 

N 

(••a) 

666 

diaaoo.* 

(4114) 

969 

-6.0; ft 

(144, 111) 

1270 

diaaoo.* 

(•••*) 

272.0 

61-8i* 

140 

(4*. *••) 

333.70 

N 

(ail, ••■) 

436.6 

diaaoe.* 

(lit*) 

606 i 

diaaoo.* 

(lit*) 

006 

diaaoo.* 

(111*) 

1216 

diaaoo.* 

(•»••) 


Tr.; 2.86^5 

(itai) 

1414 

26.7 

(■14, 474) 

1440 

N;ft 

(474, 1474) 

1712 

U.3« 

(414,0 tTO) 

603 

diaaoo.* 

(1414) 

032 

diaaoo.* 

(1414) 

300 

44.6#* 

(••#) 

444 

N 

(114) 

3070 

-51m» 

(114) 

102 

640 

(474) 

484.7 

1.8” 

400 

(4#1, 411, 
•74) 

486.60 

dfl. 

(••70) 

486.46 

dU. 

• 


• UCI + HCl, partial beat eontoQt of HCl (***). 
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l4N'0$.-~(Con(tnu«(/). . 


lJN0i.3H«0 
UNHi 

IJ(NH,) 4 ... 
UsNH 

Ua.NHi.. 

Ua.2NHi.. 

LiCl.SNHi.. 

Ua.4NH, . 

Ua.SNHi. 
LiBr.NH* . . 

IiBr.2NHi.. 

UBr.3NHi . 

liBr.4NH.. 

UBr.SNHi.. 

UBr.OiNHi 

Lil.NHi.... 

LiI.2NHi... 

Lil.SNHi.. 

LiI.4NHa ... 

Lil.SNHi... 

UI.SiNHa.. 

LiI.7NHi... 

UtCi 

LitCOi 


UHCOi 

UCHiQ(CHiOn> 

liCiHiO(CtHiOH) 

LiCN 

Ua.CHiNHi. ... 
lia.2CHiNH>.. 
ua.acHiNHt. 
litSiOi 


LIfSiFi 


liCl.Thai 

Licl.Thcl4.6HIO 

SLiCLThCli 

UHc 

UHgt 

liHgi 

UHgM....; 

IiBr.HgBri 

2UBr.HgBri 

4liBr.HgBri 

UCN.Hc(CN)t 

8UCN.Hg(CN)i. .. . 
Ua.Hg(CN)t 

IiBr.Hg(CN)i 

UBr.Hg(CN)t.3iBtO 

UI.Hg(CN)i 

LiI.fig(CN)t.3)H«0.. 


Bute 

Lithium 

200 
100 
60 
26 
3 
0 
0 

liq. 

0 

0 

c 

c 

0 

0 

c 

0 

o 


o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

aq. 

600 

CHiOH 

CtHiOH 

200 

0 

e 

0 

gls. 

0 

e 

aq. 

0 

e 

0 

e 

e 

0 

liq. 

4200 

4400 

4800 

400 

000 

1000 

1000 

0 

1000 

0 


{Continued) 

486.36 
486.25 
486,16 

486.06 

481.3 
1374.0 

179 

328 
217 

602.3 

604.8 

685.8 

767.6 
846 


450 

548 

640 

729 

809 
921 
386 
480 
585 
680 
769 
797 
910 
57 
1217 

1230 
972 
482 

491 
131 
496 
677 
663 
1560 
1820 
2835.3 
2842.9 
1822 
4269 
2239 
84 
04 
105 
82.0 
659 
962 
1766 
- 112 
41 
172 
128 
1168 
73 
1118 

Sodium* 


N 

dil. 

dil. 

dil. 

analogy 

-^Uq, 

232**-.. 

dissoo.* 

22 . 


(••••) 


dissoc.* 

28.7>,‘„:* 

t2.6;„; * 

disaoc.* 

dlasoc.* 

disaoc.* 

diaaoo.* 

diaaoc.* 

diasoo.* 

diaaoc.* 

diaaoc.* 

diaaoc.* 

165” 

N; 3c 

4-HCl aq. 

Li + CHtOH 
U + CtHiOH 
N 
27.9 
28.0 
33 .O 100 

UtCOi + SiOt 

gla. 

7.6m, 

UF + 8iF« 
262.2 
106.1 
288.0 
Li + Hg 
+ H,S04 
+ H»S04 
U + Hg* 
mix. 
mix. 
mix. 
mix. 
mix. 
mix. 
mix. 
-38.3'» 
mix. 
-43.3»* 


(Til) 

(4ao 

(4#*) 

(440) 

(147,* 4I0«) 
(147,* 440*) 
(147,* 140*) 
(1*7,* 440*) 

(147) 

(147, 440*) 

(147, 440*) 

(147, 440*) 

(147, 440*) 

(147*) 

(147*) 

(147*) 

(147*) 

(147*) 

(147*) 

(147*) 

(147*) 

(147*) 

(474) 

(404, 444*) 

(401, 744) 
(744) 

(174) 

(174) 

(1007) 

(411) 

(441) 

(141) 

(174) 

(#17) 

( 1001 ) 

(tool) 

(404) 

(144) 

(444) 

(1074) 

(1074) 

(1074) 

(44#*) 

(1014) 

( 1011 ) 

(1014) 

( 100 #) 

(loot) 

(loot) 

(1404) 

(1004) 

(1004) 

(1004) 


Na 

c 

0 

Def, 



CU 

- 106 


(414,* 444,* 





441,* *74*) 


Freah fuaed | Old fua«d 


NaaBOi-MgSOi. 
aNaa.CaQt... 

2Naa.arai .. 

Na^i-BrSOi.. 

2NaCtBaat... 

NadSOi.BaSOi. 

2Na«80«.BaS0< 

N aCtm 

Naa + Ha, partial heat content Ha”(<*«). 
2Naa.Baat, heat of dilution (***). 


71.6»1 


62.41* 


36.91* 


2.8 


- 3.9 


8.2H 

8 . 71 * 

11.214 

-44.4m 

6.414 


Lit. 

(147.4) 


(777) 

{*•) 



Naao 

NaaOi 

Naao* 

NaBr 


NaBr.2HiO 

NaBrO 

Nal 


NaI.2H,0 


NaiS 


0 

0 

0 

0 

0 

0 


Na* 

NaiO 

NaiOt 

NaiO <n 

NaH ^ 

N*0H(^) 



i$€e also p. 161) 

ioo 
200 
100 
60 
25 
13.6 
0 
7 
6 
3 

NaOH.JHiO 0 

NaOH.HtO 0 

NaHOt Kj, 

NaF c 

•q. 

NaHF, I 0 

400 

Naa I 0 


e 

aq. 

o 

*q. 

0 

200 

100 

14 

6.8 

0 

4q. 

o 


200 

0 

e 

400 

200 

100 

60 

20 

10 


0. kj I Methbd 

I 

{Continued) 

240.8 

416 
496.6 


426 
66 

426.6 

468.88 

468.90 

468.92 

468.98 

469.14 

469.48 

469.64 
470.23 

469.6 
469.1 

466.6 
466.6 
677 

726 

393 
570.4 

667.9 
909 

883 

411.64 


NaQ; ft 
286 

176.0Haf ft 

406 


l^.:4.i»5.* 

dU. 

dU. 

dil. 

dll. 

Na + H«0 

an. 

dfl, 

diL 

dfl. 

dU. 

dfl. 

dfl. 

36tt 
80 1** 
+HNOi; ft 

-214 

400 

N;ft 

^26** 

400 

NaF +' HF 

104 


(S4, 4t, Ita, 

ft44) 

(*“) 

(»•») 

(444, 174,4 

744,4 444) 

(■■,* 4*4,474) 

(■!■) 

(••» 444, 147,4 
■47, « 447, 
474,* I44af) 

(4, 444, 111, 

*■4, 474) 


gaa 

184 

-*(o) 

to 

406.28 

dfl. 

600 

406.26 

dfl. 

400 

406.26 

dfl. 


(444) 

(44, 4*1) 

(474) 

(444) 

(744, 474) 
(444) 

(474) 

(44, 44, 

147.4,* 441, f 
144,* 444,* 
777, 417, ♦f 
444,* 414, 
*74, 1444,*^ 
1444*) 

(144, 441) 
(4,*f 11, 441, 
444, 447,* 
447, f 447,* 
444, 444, f 
444,f 474, 
1*44*) 


200 

406.30 

N: ft 

(4,4 •4,147, 



144, 444,* 

100 

406.60 

dfl. 

444,* 474, 

60 

406.99 

dfl. 

471, 741,* 

26 

407.86 

dfl. 

447,* 444, 

10 

409.2 

dil. 

474,* 144«*) 

800 

849 

N: ft 

(474) 


344.6 

322.6 
421 

407 

361.3 

360.641 
861.0 

363.3 
366.1 
953 

331 

290.7 


296.691 

886.7 

376 

440.3 

440.4 

440.8 

441.2 

442.3 
443.7 


+ KNOi;*ft 
N; ft 

100 

iona 

-0.8l* 

too 


N; ft 
dU. 
dfl. 
dil. 

100 

NaOH + Br 

«®i;o 


N 


66; ft 
N:ft 

dfl. 

dfl. 

dfl. 

dfl. 

dil. 


(14, 1444) 

(474) 

(41, 44) 

(104) 

(44, 444.4, 

474) 

(447*) 

(4 1 4, t 414 f) 


(44, 444.4, 
474) 

(4I,*«) 

(44, a4*>4, 

411, 474, 
1444) 

(••••) 

(4», 44*««t 

*7«) 

(*•■•••») 
(44, 44, ■*■• 
474) 

(447) 
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Formal* 


1 Bute I Q. kj 


Method 


Ut. 


Formula 


Sodium. 


Naia4iHfO. 

NaaS.5HiO.. 

NaiS.OHiO. . 

Na«St 

NatSi 

NaiSi 

NaiSOt 

Na«80«,7HtO 
NadBOi.r • • • 


Kas80i.lOH<0 


NaiStOi 


Nai8tOt.5HsO 

Nai8tOi:6HtO 


(a) 

(fi) 


NaiSiOi 

NaiSfOi 

Na«8>Oi 


Nii8iO«.2HtO 

NaiSiOa 

Nas6>Oi.3HiO 

NajSiO. 


Nai840a.2Bf0 
NaHSi 


NaH8.2HtO 

NaHSO... . . 
NaBSOi... 


NaBSO^.BiO 
Nal.280i.... 
NaI.4BOa... 
NatSe 


Na«8e.41B«0 

Na«8e.9BiO. 

NatSe.lOHtO 

NaiSeOi. ... 

Nai8e04. . . . 


0 

0 

0 

»Q 

aq. 

0 


•a- 

e 


aq. 

e 

1200 

0 

400 

c 

aq. 

0 

aq. 


NaBSe 


e 

400 

200 

100 

60 

20 

10 

c 

000 

0 

800 

400 

200 

100 

60 

20 

10 

0 

0 

0 

e 

0 

e 

e 

800 

e 

400 

fcq. 


(Continued) 

1749 


1890 

3086 

442 

449 

414 


-21” 

1000 

— 28** 
1000 

—70** 

'^1000 

+HI 

+ HI 

41** 

**1100 



456 ' 

+HI 

0 

1036 

1010 

800 

1096 

N 

0 

3145 

O 

oe 

1 

0 

1366.6 

2.3*® 

400 


1367.1 

extrap* 

800 

1367.6 

dU. 


400 

1367.9 

N; 4 

200 

1369.0 

dil. 

100 

1370.9 

dil. 

50 

1373.7 

dil. 

0 

4300.0 



1064 

1071 

2660 

2546.1 

1146 

1462 

1430 

1663 

1629 

2260 

1576 

2475 

1578 

2101 

239 

257.2 

267.3 

257.6 

258.0 

259.7 

265.7 
836 

858 

1109.8 

1116.8 

1116.0 

1114.8 
1114.2 
1114.0 
1113.6 

1111.8 
1402 

066 

1616 

201 

369 

1690 

2980 

4080 

907 

1094 

1094 

187 


7U 

'440 

+Bao 

Tr.; 3.87‘», 

V®/ 

+ Oj 

— 22 *® 

000 

N 

-23«;o’o 

ions 

+Bri: & 

-42»* 

1000 

NatSsOa + 

1:4 

-41*« 

dso 

600 

<m. 

N; 4 
dil. 
dil. 
dit. 
dil. 

400 

" NasStOa 

200 

dU. 

dU. 

N; 4 

dil. 

da. 

dU. 

dU. 

-1.2 

diuoc.* 

diiaoc.* 

77.8‘< 

too 

N 

-33 

-44 

— 92** 

1000 

N 

Be + NatOa 
N;4 ' 
N 


(•»T) 

(••*) 

(••*) 

<•»*) 

(•**) 

(••7) 

(»TI) 

(STI, tOOfO 

• 7.) 

(»7») 

187. S,® 

148,* 880.8, 
488, 707. 
804,0 907, 
801, 078, 
870, 10080) 
(80, 88, 871, 
748, 843, 

• 780) 

(878,0 IOO 8 O) 


(881, 388. 
380.8, 488, 

807,0 

• 78,0 are, 
1100) 

(117, 38») 

(131, 878) 

(111. •»«) 

(7370) 

(*•) 

(378) 

(378,**78) 

!**•) 

(»78) 

(131) 

(131) 

(111, *78) 

( 111 ) 

(••7) 

(••7, 878) 
(887) 


(••7) 

(88, oro) 

(878) 

(841, 878) 


(388) 

(341,«4I8«) 
(84t,« 4184) 

(380) 

(380) 

(188) 

(380) 

(380) 

(878) 

(711) 

(••8, 878) 
( 888 ) 


NaHSeOa 

NaHSeOi 

NatTeOa 

NaNOt 

NaNOi 

($ee aUo p. 162) 


Naj(NO)* 

NaNHa 

NaNH, 

NaCn.5NHi 

NaBr.SiNH* 

NaI.4iNHi 

NaI.6NH» 

N8*Sb4.‘(NB4)tS0a.H*0. . 
NaPOi 

NaiPOa (?) 

Na.POa 

NaiP04.12H*0 

NaaPaOi 

Na4P,0» 

Na4P>07.10H,0 

NaHtPOi 

NaHiPOi 

NaH>PO».2JHi« 

NaHiPiOi 

NaH|P)07 

NaHjPOa.H.POi 

NatHPOs 

NajHP0i.6H,0 

NaiHP04 

NaiBP0..2Hi0 

NaiBP04.7Ha0 

NatHP04.12Ht0 

NaiHiPtOf 

NaiHjPfOa 

BaiHiPiO? 

NaiH|Pa 07 . 6 Hi 0 

NaiHPtOi 

NaaBPaOT 


1 State 

Q.ki 

1 Method 

Lit. 

Sodium.— 

-(Continued) 


600 

763 

N 

( 878 ) 

aq. 

344.7 

NaiBeO* + 
HtSeOi: & 


e 

1283 

Te + Na>Ot 

( 711 ) 

aq* 

1206 

N 

( 888 ) 

c 

362 

-14.7m 

( 888 , 884 ) 

1 

aq* 

^48 

+ HC1 + 

( 888 , 884 ) 

* 

1 


CO(NH*)t 


0 1 

470.6 


( 83 , 348 ,* 

<o 1 

449.18 

dil. 

483 , •••, 

400 1 

449.32 

da. 

• 34 ,f 878 , 

• 78,0 1888,0 
18480 ) 

200 

449 . 66 

N 

( 83 , 871 , •• 7,0 




878 ) 

100 

450.34 

dU. 

(I 8 i, 3 ll,t 

60 

451.44^ 

dU. 

• 37,0 887 . 

25 

463.27 

dil. 

• 88 ,t 834,1 

6 

458.0 

dU. 

• 38 ) 

aq. 

466 

8r(NO)i.6HK) 

( 133 ) 



+ NaS04: 




A 


c 

136 

130*1 

^»*») 

c 

67.6 

diaaoo. 

(»••) 

c 

808 

dissoc.* 

( 187 #) 

c 

1045 

diasoo.* 

(>•’•) 

0 

674 

diaaoc.* 

( 1870 ) 

0 

790 

diaaoc.* 

( 1870 ) 

0 

3719 

-64.4*« 

( 888 ) 

0 

1209 

16.6“ 

( 447 ) 

600 

1226 

N 

( 447 ) 

c 

1871 

P + Na»0« 

(718) 

000 

1972.4 

N 

(188, 181, 




878) 

c 

6467 

— 61** 

600 

(888) 

aq* 

1042 + 
H4P*0. 

N 

1 

(.87) 

c 

3160 

49.6** 

•''800 

^•78) 

leoo 

3210 

N 

(447, 878^ 

0 

6120 

-■‘SSlSo 

(878) 

aq. 

837 

N 

(878) 

0 

1199 

3 !*• 

*•*600 

(•) 

600 

1202 

N 

(8, •78; 

c 

1940 

“ 22** 

600 

t*) 

300 

1525.0 

N 

(180, 181, 




878) 

aq. 

246 + 

N 

(887) 


B«P>0. 



c 

2498 

2.8“ 

(447) 

1200 

2501 

N; A 

(447, 878) 

i 

C 

1 

2803 

4.7“ 

(448, 447) 

c i 

1403.8 

38.3** 

.800 

C*) . 

aq. 1 

1442 

N 

(•) 

0 i 

2892 

-18-21* 

too 

(•) 

0 ; 

1736.7 

23.6*» 

400 

(881, 883, 



1 . 

878) 

eoo 

1760.3 

N 

(188, 181, 

1 

1 

9 


#78) 

1 

0 

2334.3 

-i-«15o 

(878) 

C 1 

3812 

• 


(438,0 748,0 

1 



W i| • 

878) 

c 

5289.9 

-86.6** 

400 

(118, 748, 881, 

1 

1 


• 83, 878) 

0 

2088 

i'» 

llvW 


aq. 

2090 

N 

(8, 388) 

aq. 

492 + 
H4PtO« 

N 

(187) 

c 

2753 

-9.6 

(447) 

1200 

2744 

N 

(447, 8T8) 

0 

4610 

-58.2 

(447) 

aq* 

728 + 
H4PtO« 

N 

(887) 

c 

2954 

28.3 

(447) 
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Forniula 


NaiHPfOr— (ConI’d) 

Na»HPK>T.HiO 

Na*HPiO7.flHi0.. 

N»NH*HPO« 

N»NH 4 HPOi. 4 HK) 

NmAa 04 


Na»AaOi.l 2 H «0 

NaHtAtOa 

NaH»A .04 

NaiHAsOj. .■ 

NaiHAsOa 

NaaSbOa 


3 NaW 9 . 8 ba 8 i 

NaiBlOa (?) 

Na.C« 

NaiCOi 


NatCOi.HiO.. 

Na,C 0 i. 7 H, 0 . 

NatCOi.lOHfO 

NaiCiOi 


NaHCt.. 

NaCHO* 


NaC»HaOt. 3 HtO 
NaCtHtO 


NaHCiHaOi 

NaHCai40t.HiO.... 

NaCtHiOt.HCtHaOa 

NaC«BiOt. 2 HC>HiOt 

NaCtHs 0 . 2 CiHi 0 H 

NaC»H» 0 . 3 C»H«OH 

NatC«H«Ot 


NaiC 4 H«Ot. 2 BfO 
NaCtHaSOa 


NaCN 


NaCN.IHiO 
NaCN. 2 HfO 
NaCNO 


NaaCtNiOa 


NaHCOi 

NaHCOt.HiO. 

NaCHiO 

NaHCiOa 

NaHCtOi-HaO 

NaCtHiOf... 


NaCNiH... 

NaH>C»N«Oa 


Stai« 

1 Q. kj 

Sodium.- 

—(Coniil 


2082 

e 

3264 

0 

4729 


1652 

0 

2842 

0 

160 o {?] 

600 

1597 

c 

5084 

400 

052 

300 

1143 

400 

1137 

400 

1377 

c 

1653 


1605 

1200 

1561 

c 

1181 

0 

-20 

0 

1132.3 

400 

1156.8 

200 

1157.1 

100 

1158.9 

60 

1161.6 

30 , 

1164.0 

c 

1432.6 

c 

3204.2 

c 

4085.2 

0 

1322 5 

460 

1299 2 

0 

- 105 

c 

657.1 

400 

65+.9 

0 

952 

200 

934.7 

c 

1064 

CHiOH 

452 

c 

1070 

400 

1056 

c 

1382 

e 

716.3 

400 

732.8 

100 

732.7 

60 

732.6 

25 

732.1 

10 

730.7 

3 

730 

c 

1610 

CiHiOH 

463 

c 

413 

c 

15 ^ 


1486 

c 

1807 

c 

1210 

c 

1740 

e 

908 

c 

1276 

c 

1726 

sq. 

1721 

c 

2318 

mq. 

1146 

c 

96 

200 

04 

f 

241 

e 

686 

e 

406 

•Q* 

386 

e 

1274 

»Q- 

1280 

Ml. 

146 

c 

oil 


Method 


Ut. 


N 

4.7 

- 29.6 

N 

aoo 

A« -f Na, 0 . 
N 

- 53 * 11 ^ 

MO 

N 

N 

N 

N 

8 b + NatO, 
N; aoalc^ 
+ HC 1 : A 

Bi + NatOi 
^ 2 Ha: A 

A 


N; A 
6iX. 
diX. 
dU. 
dU. 

-«l!o 

400 
— 2di}«4 

N 

ei: A 
N 

A 

N 

diaaoe.* 

Na + CHiOH 
- 23 » 

N 

-40ioe 

900 

N: A 

dU. 

dil. 

dU. 

dU. 

“♦NaCtHfOf.- 

3 HtO 

- 19.2400 

Na+C»H*OH 
66. 4» 
- 23.7 
N 

-86.7 

8 a 44 

-20 

43.8 

61.4 

- 4.7 

N 

- 24.6 

Ba(C«HaS04)i 
+ NaaSOi 

N 

— 4 2 * 

100 

— 20 1 ^* 
^•**000 

+Ha 

6. 1** 
iwo 

N 
N 

-20.6m« 


(447) 

(447) 

(447) 

(110, ■•#) 

( 710 ) 

(MO) 

(070) 

(070) 

(070) 

(070) 

(710) 

(»»T, 140, 

400) 

(710) 

(001, 070) 
(110, 001, 700, 

777, 010,0 
070, 0700) 
(00, 740, 070) 
(00l,f 070) 


(0a0,f 070) 
(010,| 070) 
( 00 , 000 . 0 , 010 , 
070, 0700) 
(■•) 

(•». •»•) 

(070) 

(”) 

(TO, 070) 

(00, tOOO) 

(00, 00, 070) 

( 000 .) 

(OTO) 

(»*) 

(»». ** 0 ) 

(»»• *70) 

(00, 010,0 070) 

(70, 114, 071, 

070) 

(01, 070) 


(400) 

(«) 

(070) 

(070) 

(«•• >04) 
(M* >04) 
(•••l»4) 

(••) 

(«) 

(070) 

(070) 

(••> >04) 
(*•. >04) 
(••» >04) 

(070) 

( 000 ) 

(070) 

( 000 ) 

( 000 ) 

( 000 ) 

( 000 ) 

( 000 ) 

( 000 ) 

( 000 ) 



NaHaCaNaOa.— (Coal’d) 
NaHiCaN«Ot.HiO 

KaaHCoNaOa 


I Q> hi I Method 

{Continued) 


NaCNS 


NaaSlOa 


NaaSiPa 


NaaOi.TiOa tfroo, ti + 

NaaO,) 

NaaTiFa 

NaSn 


NaSna 


NaaSn 


NaaSn 


NaaSoa 


NatSnOa 


NaiSnOa ( 7 ) 


NaPbOa 

2Naa8aOa.PbSiOa 

NaCI.Thaa.lOHiO 

2Naa.Tha4 

NaaZnOi 

NatZn(804)i 


KaaZn( 804 )t. 4 HtO. . 

Na< 3 dt 

NaCMa 

NatCdOt (?) 

NaHga 

NaHg* 

NaaHg 

NaHgtT.a 

NaHgi).# 

NaHgiii 

NaHgm 

NaHgiaa 

NaBr.HgBra.. . 

2 NaBr.HgBrt 

4 NaBr.HgBri. . • 

4 Na»S.HgS 

NaCN.Hg(CN)a 

2 NoCN.Hg(CN) 4 . 

Naa.Hg(CN)i 

Naa.Hg(CN)a.UHiO 

NaBr.Hg(CN)a 

NaBr.Rg(CN)a. 2 BtO 

NaI.Hg(CN)t 

NaI.Hg(CN)t. 2 HiO. . 

NaiO.CuOa 

NaiO. AgiOi (?) (from Aa 

•ad NatOi) 

NaaAg(StOa)i 


NaAg(CN)t.. 

NatAg(CN)a. 


NaC20a + AgClOacnlld 


NaoPtaa 


NaaPtQa 


e 


»< 1 . 

e 

do. 

e 

0 

»q. 


0 

aq 

0 


aq. 

e 

aq. 

c 

e 

aq. 

e 

0 

0 

0 

»q. 

0 

0 

o 

0 

e 

0 

0 

Hq. 

Uq. 

Uq. 

liq. 

llq. 

4200 

4400 

4800 

aq. 

400 

600 

1000 

0 

1000 

0 

1000 

e 

e 

o 

0 

600 

1200 


e 

e 

oq- 

e 

aq. 


890 

1214 

1008 

1001 

179 

166 

1646 

1644 

2766 

2766 


N 

N 

N 

810 a + 

NaiOi 

234 . Ihf 

N 

N;« 


2102 
2808 
46 

63 

60 

88 

161 

937.3 

1640 

1897 

842 

2770 

2763 

4933 

2244 

778 

2364 

2406 

3651 

36 

62 

681 

46 

78 

63.8 
82.01 
82.82 
83 . li 
83.20 
83.41 
622 
887 
1614 
2259 
• 149 
. 32 

134 
526 
00 

713.1 
36 
666 
684 

601 
1881 

18,2 

78 


TI + NaaOi 
N « HaSiFa 
^Ha{a) ♦ 

p.ai 

74 lHa(i) ♦ 

r«ai 

74lHa(a) + 

P.aa 

1218 hci(,) ♦ 
PeCla 

1606Ha(a) ♦ 

P.Oi 

BSnCla “f* 
NaOH 
8 n + NaaOi 
Sna* + 
NaOH 
NatOa + Pb 
-17 
mix. 
- 24.0 
200.4 

NatOa 4 * Zn 
+41 
mix. 

- 0.7 
+Br 
+Br 

Cd + NatOa 

196 Ha 
163Ha 
199 . ana 
dil. 
dii 

Na + Hg 
dU. 
dU. 
mix. 
mix. 
mix. 

NaaS + HgCla 
mix. 
mix. 
mix. 

- 33 . 9 >* 
mix. 

- 60 . 6 ** 
mix. 

. - 48 '» 

Cu + NatOa 
> 

Ag + NaiOa 
AgNOa + 

NatSaOa 

AgCN + 
NaCN 
AgCN + 
NaCN 


(•••) 

(«M) 

(•■•) 

(«!•) 

(IMS) 

(MS) 

(MS* TO) 
(MSI, USt«) 
(#M, IMl, 
IStM) 

(7«) 

(>M) 

(<••) 

(l») 

(IIS) 

(>■•) 

(«••) 

(•»•) 

(7tS) 

(•71) 


(74S) 

(MS) 

(MS) 

(MS) 

(MS) 

(Tit) 

(4SS) 

(4SS) 

(4SS) 

(IS7) 

(1ST) 

(TIS) 

(••) 

{•») 

(ISIS) 

(tss,t SSSf) 

(SSS,f SSSf) 
(S4S,S ISIS) 
(lS4,tSSSt) 

(MS,t •••?) 
(ISIS) 
(ISIS) 
(ISIS) 

(US) 

(ISSS) 

(ISSS) 

(ISSS) 

(ISSS) 

(ISSS) 

(ISSS) 

(ISSS) 

(ISSS) 

(TIS) 

(7IJ) 

(*••) 

(ISII) 

(ISM) 


960 

992 

1138 

1173 


42 ; analogy 
NaaPtCria + 
CuCl; A 

«®Js*s 

+ Co 


(JTI) 

(STS) 

(STS) 

(STS) 
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Formula 


I Bute I Q, kj 1 Method ] UtT 


NuPta«.3HtO 
NfttPtClt.6HiO 
N^PtBr* 


NAsPtBr«.6HiO 

NaiPtl. 

Nft«RhC!« 


Na«Rha«.12HfO 

NaiPdai 

NftiMn04 

NaiS0«.MnS04. . 


Na«804.Mii604.2Hs<T 
NatSOi.MnSO 4 . 6 BsO 
NaiFaCOCCNU 


Na«F0CX)cCN)4.7HsO. 

NatCoOi 

2NaBr.CoBrt 

Na*NHCN)4.: 


NaiCr04 


NaiCi04.4HtO. 
NaiCrO4.10HsO 
NaiCriOi 

NatMo04^J . . . . 
NatMoOi^) . . . 


NatWOijjj . 

NaiWOi^n, 


NaiUOi 

NatUtOT.liHiO 

(NaiOi)tU04... 


Sodium.- 

o 
0 
e 

«!• 

0 

aq. 

0 

aq. 

0 

aq. 

* 0 ■ 
o 

0 
« 

0 

aq. 

0 

0 

900 

•a- 

c 

800 
10 

0 
0 

aq. 

0 

0 

400 
0 

0 

aq. 

0 
o 

4q. 


(CorUintied) 

1747 


(Nat0t)sU04.9Hs0 


NaVOt 


NasV04 

NaBOt. 


NasBiOt . 


NaiBiOr.lOHsO 


NatBOi (T) 


NaAlOt.... 

3NaF.AlFi 


3NaP.A]Ps.8iHtO 

Naa.AlQs 

Naa.AlCli.6NHa 

dNaa.2AlCU 

NaaO.AliOa.3aiOtid,hr<lr, 

QfttroUto) a • 


Na€Ce04 (T) 


2NatB04.CaS04 

2NaiS0i.Ca80t.2Ht0 

Na8rPOi.OHsO 

Na6rAaO4.0HfO ... 
NaBaPO4.0HfO ... 


« • • 4 


0 

800 


2985 

924 

966 

2719 

690 

1426 

1458 

4978 

1014 

1120 

2406 

2460 

2601 

4218 

522 

542 

2577 

833 

1028 

143 

1325 

1335 

135e 

2510 

4262 

1020.3 

1514 

1501 

1624 

V507 

1759 

1010 

5773 


5780 


0 

e 

•0. 

e 

e 

•q. 

0 

e 

0 

0 

e<7) 

0 (T) 

0 

0 

0 

a 

a 

4 


II80 

I880 

960 

3106 

8149 

6110 

1405 

1622 

1137 

3113 

8250 

4208 

1134 

1936 


NaBaAaOi.9HtO 


5733 

(T) 

2782 

4731 

4802 

4295 

4674 

4289 


-0-8l5o 

+Co 

®®loo 

+Co 

32.2JSao 

4“ Co 

-WOiJoo 

iona 

Mn + NatOt 

54 

m<T. 

13 

-41 

20^* 

"two 

N 

-31” 

®*»eoo 

Co 4* NasOi 

mix. 

Ni(CN)t + 
NaCN 

W-oiJo 

' N 

^ NatCrOt.- 
lOHtO 

■"^^1000 

iona 

Tr.; 614(«® 
N4sOt + Mo 
N 

Tr.; 39.8 

W + NatOi 

17; analocy 
U + NasOs 
IMHsaOi 

UOsBOi + 
NasOt + 
HsSOt 
UOaSOt + 
NaiOt + 
HtSOt 
VtO* + 
NaHOi 
V + NatOt 
N 


43 


N 


BtOa + NatOt 

K 

NatO+AltOi 
123us% hT) 
mix. 

-54.1; A 
296^* 

23.5 

573.2^ 

790(it« HF) 
FTOtwft HF) 

CasOt + 
NatOt 
I 8 .O 1 M 

8.8rat 

N 

N 

Baai + 
NaHtPOi 
Baat 4- 
NaHtAaOt 


(•74) 

(tT8) 

(•»•) 

(tra) 

(•»•) 

(■!•) 

(41*) 

(4a») 

(III) 

(4»t) 

(4«i) 

(444) 

(711) 

(747, 744) 
(747, 744) 

(71t) 

( 101 *) 

(1411) 

(47, 707, 714) 

(474) 

(7*1) 

(••) 

(••) 

(744) 

(1041) 

(711) 

(744) 

(1041) 

(747) 

,714) 

(•»•) 

(440) 


(444) 


(441) 

(714) 

(40, 44, 44, 
074) 

•(44.1, 440, 
441) 

(44, 44, 074) 
(414, 440.4, 

474) 

(707) 

(40, 44, 474) 
(714) 

(»*) 

(»*) 

(«) 

1 ”) 

(»•) 

(»«) 

(740) 

(740) 

(700) 

(»•) 

(»•) 

(400) 

(440) 

(440) 

(400) 



Formula 


Stata 


Method- ) 



Potassium* 



K 

c 

0 

Z>ef. 



BM 

- 86 

-♦ 0 


K+ 

flD 

252.4 

Ikol; A 


KtO 

0 

361 


(40, «>4) 

KiOi 

0 

517 

(”»') 



K1O4 

e 

550 

142.9h^4 

diaetx^.* 

(ilt) 

KH 

0 

59 

(<S7*,e 7*e«) 

KOHri»\ 

c 

426.9 

54 2’^ 

(40, ft. ft. 



• 

tie, *•*, 

»•) 



KOH/ ^ 

0 

• 

Tr - 6 4*^ 
*r., ®-’(^) 

dil. 

(tif) 

(M€ oUo j>, 161) 

CD 

480.64 


400 

480.47 

dU. 



200 

480.3a 

K + HsO; A 

(Iff, tea. 



• 


• t4, •7«) 


100 

480.30 

dil. 



60 

480.29 

dU. 

ae7,o ••7, 


26 

480.18 

dil. 

• 7f) 


16 

479.80 

dil. 



9 

478 . 73 

dil. 


j 

7 

477.61 

dU. 



6 

475.10 

dil. 



3 

468.85 

dil. 


KOHilHiO 

0 

678 

18.0«, 

(*•*, *•*) 



EOH.HtO 

c 

752 

14^9*1 

— 0.1” 

•*170 

17 2** 

(*l», *•*) 

(•■. »!•) 

(410, 4«f) 

EOH.ZHsO 

6 

1052 

561 2 

TTP 



400 

578.4 

N:4 

{t$ip T4Sa 





• 70) 


5.76 

576.8 

dil. 

(411) 


3.90 

573.9 

dil. 


EF.2HtO 

a 

1159.7 

— 9.0” 
no 

(41*. 4«f) 



EP.4HsO 

1 0 

1748.7 

-26.8 

— 25” 

"400 

(41*) 

(41*, 404, 

KHFi 

1 

0. 

918 


4«f) 


400 

893 

N; A 

(40«, 40f, 





070) 

KF.2HF 

a 

1242 

-33 

-36 

- « 81!.: * 

(471) 

(471) 

(10, 1*7. t,o 
*4*,| aeo. 

KP.3HF 

0 

1561 

KCl 

0 

436.5 

(toe aUo p. 161) 






a*t,e ai*,f 
4**, 0**,o 

720, 777, 
a 10,0 040, 

014, f #70, 

1000.0 leeoo) 


gaa 

22o 

—♦0 

(aro,e 4oao) . 


OP 

417.99 

dU. 

(ita, *41, ' 


1000 

417.91 

dil. 



500 

417.88 

dU. 

01*, aiT,^ 
#00,0 00^1 





tot, o»4;f 
**l,f 10*00) 

■ Heato of oolution of melted oalt mixturee: 


1 Freeh malt | Old melt | 

Ut. 


Ka.Naa 


-20.81* 

Ea.2Naa 

-22.6»» 

-26.11* 

2Ka.Naa 

-80.4** 

-36.71* 

KI.NaO 

-• 23 . 81 M 


KtSOt.NatSOt 

-23»« 

-21.21* 

Kt804.2NatS04 

-16.1»» 

-16.11* 

2Kt804.Nai804 

-65.7H 

- 52 . 0»* 

KiCOs-NaiCOt 

34.4is 

33 . 91 * 

KtOOt.2NaiCOt 

64.911 

64 211 

KfGOt.3NatCOs 

97. 5w 

94.11* 

KiCOUNatCOt. 

129. 3i« 

127. 5>* 

2KtCOi.NafCO« 

55.3i< 

55.5 

aKtCOaNatCOi 

101>« 

1011* 


(147.4, 777, 1044) 


(«) 


Ka.BrOs mixturaa, partial heat of dilution (***). 

Stdid oolutiono of KCNS and NaCNS. haata of formation (^***}. 

KAuat, beat of diaaociation C^****). 

KCl, HCl, partial heat eontent of Ha C***. 40i). 

KiSOi.Co804.6H,0, KtBOi.Zn8O4.6HK). K,80i.NlS04.6HK), haata of dahvdra. 

Iks (*•>). 
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Formula • I 

State 

1 0. kj 

Method 

i Ut. 

Potassium. 

— (Continued) 


KCl.— (Conlinued) 

200 

417.93 

N* 

I (10. 742, •••,<> 


100 

418.02 

dil. 

• 71) 


50 

418.73 

dil. 



25 

419.53 

dil. 


KCIO 

400 

360.5 

KOH + Cli: 
& 

(•74) 


KCIO, 

c 

376.1 

-43.0** 

400 

(»|, iia, 421, 





024, 047, 

074, 1010) 


00 

332.2 

dil. 

(«*t) 


500 

332.9 

dil. 



400 

333.1 

N: A 

(047, 070) 


250 

333.8 

dil. 



125 

334.9 

dil. 


KC\ 0 * 

c 

460 

+ NH4C«H,- 

(174) 




(N0,),O 



CD 

415.3 

dU. 

(•»*t) 


1000 

417.0 

dil. 

(***) 


600 

421 

dil. 



aat. 

« 

420 

-49.0 

(174, 741 





014t) 

KBr 

c 

393.6 


(11, 071 




1 07. 1,* 24S,) 
074, 1024) 



saa 

184 

— ► c 

(100.) 


CD 

372.0 

iona 



200 

372.30 

N; A 

(01. ••I.<. 070) 


60 

372.5 

<U1. 

(124, 1 100, f 





074) 


10 

375.4 

dil. 

(074) 

KBr, 

KBr, 

aq. 

aq. 

382 

401 

KBr -f Br,* 
KBr, + Br,* 

(4444) 

(440*) 


KBrO 

aq. 

344 

iona 


KBrO, 

c 

347.8 

-42** 

(01, 024,1 

**•) 



400 


CO 

305.0 

dil. 

(024) 


500 

305.6 

dil. 



400 

306.0 

N 

(070) 


260 

306.0 

dU. 


KBr«I£Ol(0oU<l •olutioDf) * • * 


1 


(t 17.4, 010, 





1022) 

KI 

0 

329.6 

-21.4** 

400 

(111, *70) 


caa 

134 

— ♦ e 

(lOfO) 


CD 

308.1 

ions 

(It, 000) 


200 

308.36 

N 

(41, 444,* 



1 

1 


174) 


100 

308.5 

dll. 

(114) 

KI, 

aq. 

301 

I, + Kl. A 

(1, 04, 411) 

KIO 

aq. 

331 

KOH 4 1, 


KIO« 

c 

608.4 ; 

-28.3;*. 



DD 

479.2 

dil. 

(014) 


600 

479.7 

dU. 



400 

480.1 

N; A- 

(••,ai,a74) 


260 

480.7 

dU. 


KIO4 

aq. 

400 

N 

(074) 

Kilo, 

aq. 

1186.7 

N 

(074) 

KJO. 

aq. 

1871 

N 

(44, 074) 

KHiIOi 

400 

081 

N 

(074) 

K10i.HI0, 

c 

758 

-49** 

too 

(■*) 


aq. 

709 

mix. 

(074) 

KiHtlO. 

aq. 

1265 

N 

(*, *74) 

K»H,IO* 

aq. 

1473 

N 

(•a, *74) 

KI.KCldmh malt) ■' 

e 

765 

-38 

(40, 117.1) 

Kl.KBrdrwh BMii) 

0 

718 

-38 


K.S 

0 

360 

94 

(100, 044, 





• 07) 


400 

462.8 

dU. 

(007) 


200 

463.1 

N; A 

(007, 070) 


100 

463.4 

dil. 




464.1 

dil. 



20 

464.6 

dU. 



10 

450.3 

diL 



7 

453.6 

dil. 


Kd9.2HiO 

e 

1010 

Wli)0 

(007) 

KASHiO..... 

e 

1916 

-22i;oo 

(007) 

K*8* 

0 

476 . 

510 

(007) 


•q- 

481 

+HI 

(007) 



KsS4.)HtO 

KtS4.2HtO 

KiSOj.... 


KtSOi.HtO 
K«S04,,, . 

KtS04 


’Ol) 


KtStOi 


KtStOi.HtO 

^tStOi 


K»8,Oi.iHiO (?). 
KiStcn 


K^iOi 


KtStO 


KiStOt 


K.S404 


EaStO 


KtSiO«.jHtO 
KHS 


KHS.iHtO 

KHSOi 
KHSO 4 


KH 8 O 4 

KHBO 4 


t 

0 

# 

c 

600 

0 

0 


800 

400 

200 

100 


ao 

o 

0 

GOO 

0 

c 

600 

fi 

aq 

o 

»q. 


llllj 


Ul) 


U) 



aq. 

0 

*q 

0 

aq. 

0 

400 

200 

60 

20 

10 

6 

c 

400 

0 


KI. 4 S 04 
KtSe . . . . 


KtSe.OHtO. 

Ki8«.14HtO 

KtSe.l0H>O 

KHS« 

KiTeOt 

KfT604 

KNOi 

KNOr 


■a) 




KNO.a„ 

($e« oiM> p. 162) 


0 

800 

400 

200 

100 

60 

20 

c 

e 

*q- 

e 

« 

e 

aq. 

•q. 

aq. 

aq. 

e 

0 

e 

1000 


-^(CarUtnued) 

633 
1086 
1113 


-8i»* 


1119 

1400 

1417.1 


1389.1 

1389.6 

1389.7 

1390.8 
1392.4 
1394 9 
1116 

1096 

1407 

1600 

1452 

1643 

1707 1 
1663 

1964 

1038 

1861 

1800 

1660 

1698 

1666 

160C 
1666 
1624 
2108 

267.7 

267.8 

269.3 

272.1 

272.4 
268.6 
336 

860.4 
1142 


1128.9 

1127.2 

1126.1 

1126.6 

1125.4 

1126.6 

1664 

367 

303 

3048 

4484 

6062 

198 

1086 

1227 

360 


407.1 

460.81 

460.94 

461.06 


''wo* • 

N; ^ 

10.75 «» 
-27. 4« 

400 


lODB 

dil. 

dU. 

N. 4k 
dU. 
dil. 

N 

-26>< 

—47.0** 

** , 4M 

N 

-47.6**, 

diaaoo. 

MO 

-16 

diaaoo. 

-«;.oo 
BaStOi + 
K>S04: a 

-62.1 [J.* 


+Brt 

-68.0«^ 

iona 

-42 

ioaa 

— 65** 
®®*ooo 

dll. 

N 

diL 

dU. 

dil. 

dU. 

3.2** 

1009 

N 

too 


Tr.; 2.0},% 

Tr.; 0.40}« 

dU. 
dlL 
N: 4k 
dil. 
diL 
dil. 

dlasoe.* 

36** 

^1000 

N 

“®®4000 

— 86 ** 

4000 

-123M 
N 
N 
N 

Nj* 


(•a?) 

(••*) 

^na, aat) 

(114,070) 

(114) 

( 1001 ) 

(44, 147.1* 

14/, Ul, 

aaa, laa,* 

ft#, 444, 
474, 474,* 
1444*) 

(141,tat4t) 

(1444*) 

(744, 474) 


(117, 111, 

444) 
(474) 

(444) 

(114) 

(114) 
( 111 ) 

(444, 474) 

(474) 

(”) 

(•») 

( 111 *) 

(Ilf) 

(111, 444, 

• 74) 

(***) 

(•••) 

(•*•) 

( 111 ) 

(447) 

(474) 


Tr 
Tr 


V.; 

.:4.9}^ 

-86.4*L 


dll. 

dfl. 

dfl. 


(447) 

(114, 474) 
(41,144. 444, 

474) 

(«»*•) 

(II44) 

(41, 474) 

a 

(41, 474) 


(474) 

(1414) 

(144) 

(144) 

(144) 

(laay 

(144) 

(144) 

(444) 

(444) 

(**.••*) 

(44.1,1144) 

(44.1, a444) 

(4, 41, I44,*t 

441, 444, 
714,414,* 
444,* 444,1 


THERMOCHEMISTRY: 84 
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^Oftnulft I State | Q. kj ( Method | Lit. 

Potassium. — {Continued) 


KNC^ai)- — (ConKnwerf) . . 


Ki(NO)t 


KKHa .... 
KBr.4NHa 
KI.4NHa. 
KI.eNHt. 
KiPOi .... 
KHiPOa. . 
KHaPOa.. 
KHtPOa.. 

KaHPOa.. 
KiHPOa.. 
KaAaOa ^ . . 
KHa^Oa. 
KHtAaOa. 

EiRAaOa. 

KaHAaOa. 

KiCOa... 


KiCOa.iBVO. 
KiCOa-liHaO 
KiCfOa 


KaCaOi.HiO 

7KiCOB.aCOa.OiHaO 
KHCOi 

KHCOa 


KCHaO.. 

KHCaOa. 

RCiHtOt 



KCaHiO 

KHCaO«.HaCa04 
EHCiHaOa 


KeCaHiOa 


KfCiB«0«.tHaO 
K«C4H«0«.3HaO 
KCN 

KCNO 


300 

461.69 

100 

463.74 

60 

464.49 

26 

467.17 

aat. 

468.0 

Sq. 

489 


N; h 
dU. 


0 

e 

0 

0 

aq. 

aq. 

0 

aq. 

aq. 

aq. 

400 

800 

0 

400 

400 

400 

0 

400 

200 

100 

60 

10 

e 


0 

3200 

1600 

800 

400 

200 

133 

0 

c 

0 

400 

e 

200 

CHiOH 

c 

400 

0 

400 

200 

100 

60 

26 

10 

6 

CaHaOH 

e 

0 

ftq. 

e 

aq. 

e 

0 

e 

900 

e 

•q. 


73 

606 

641 

794 

2006 

849 

1214 

1667 

1637 

1465 

1783 

1631 

963 

1175 

1166 

1160 

1402 

1160.7 

1177.9 

1178.6 

1179.3 

1180.5 
1181.0 

1303.0 

1608.7 

1341 

1321.6 

1321.7 

1322.0 
1322.6 

1323.8 

1325.1 
1639 . 0 

1233.4 

669.1 

666.2 

968 

945 

464 

1107 

1067.3 

730.2 

744.2 
744.0 
743.7 

743.3 

743.6 

740.7 

737.4 
481.9 

1946 

1646 

1497 

17^ 

1748 

1913 

2868 

118 

108 

419 

807 


dii. 

dn. 

dil. 

Sr(NO)i + 
KtSOa 
disaoc.j 4e 
diaaoo.* 
disaoe.* 
diaeoo.* 

N 

N 

N 

-30 

N 

N 

N 

N 

N 

-20 

N 

N 

N 

27.2;;„: A 

dU. 

N; & 
dU. 
dil. 
dU. 

17.91* 

400 

- 1 . 61 * 

400 

dU. 

dU. 

N;a 

dil. 

dil. 

dil. 

"®i-^r.oo 

— 3 fitt 

N 

-22.3J»,;* 
N; a 

K + CHaOH 
-40 
N 

l^-OJSo 

N 

dil. 

dU. 

dU. 

dll. 

dU. 

dil. 

E + CaBaOR 
-66 
— 43Ha 
N 

400 

N 


-26.7^* 

^•'400 

-43.6 

N;* 

+Ba;* 


• 7«, OTtiO 

ieoo.o leoiO) 

(•S, »T«) 

(•1, lot, §27,0 
a«7,e 800, 

•**t) 

(100«O) 

(204, OI4f) 
(121) 

(»•») 

(I87*) 

(117*) 

(127*) 

(078) 

(•»•) 

(•7«) 

(4*2) 

(•74) 

(074) 

(474) 

(474) 

(4T4) 

(4i8) 

(474) 

(474) 

(474) 

(12, 147.2,0 

414, 7TT, 

474) 

(22, 741, 474) 
(402, 240,1 

• 74) 

(470) 

(24,0 474) 

(•4) 

(214) 

(214) 

(44, 474) 

(214) 

(214) 

(214) 

(474) 

(404) 

(»•) 

(Si, 44, 474) 
(42, 244,« 

404, 412«) 
(42, 742, 474) 
(274) 

(444) 

(14, 474) 

(••. »T4) 

(44, 474) 

(474) 


(414, tr*) 
(444) 

(444, 444) 
(44. 124. 442) 
(44, 124, 444. 

• 14) 

(44, 124, tfi. 
•42) 

(•4. 414,442) 
(442) 

(12, 74, 474) 

(74, 144, 474) 

(•») 

(127) 


Formula 

KaCaNaOa 

KHtCaNiOa 

KHCiNiOi.HiO . 
KiHCaNaOa 

KCNS 


BCHCNi 

KCNS.SOt 

2KCN9.SOt 

KSbOCiHsOa 

KSbOCiH.Oa 

K8bOC4HiOf.lHiO 
EaSiFi 


KiSnCla . 


EtSnCla.HiO 

KCl.PbCla.^HiO 

Ka.2Pbai 

2EI 'Pbla^ai^lt) ■ ■ • . 
2KI.PbIa.2HfO... 

4KI.3PbIf4frflBh melt)' 
4KI.3PbIt.6HiO... 

KtSOa.PbSOa 

KCl.TbCl4.9HtO.. . 

2Ka.Tha4 

KaZn(S04)a 

KtZD(804)t.2HfO . . 
KtZnCS04)i.6Ht0. . 
2KCN.Zn(CN)j ... 

8KCN.Zn(CN)a.... 

KHgt.a 

KHgt 

KfHgf 

Kilgaa.a 

KCl.HgCla 

Ka.HgCli.HtO... 
2KCl.HgCla 

2KCl.HgCla.H«0. . . 
4KC1.3HgCla 

4KCl.3Hgat.3HiO. 

KBr.HgBrt 

EBr.HgBra.HiO — 
SEBr.HgBra 


4KBr.HgBri . 
EI.Hglr. . . « . 
KI.Bgla.HiO 
SKI.Hgla. . . . 


aKI.Hgla 

6KI.HgIa 

KCN.Hg(CN)a 

2KCN.Hc(CN)t.... 

Ka.Hc(CN)a 

Ea.Hg(CN)a.HtO . 

Ka.3Hc(CN)a 

3KCLHf(CN)a 

4Ka.Hc(CN)t 

8 SaRf(CN)i 


I State I Q.ki \ Method I Lit. 
Potassium. — (Continued) 


c 

1341 

— 26** 

«000 

(«•) 


1317 

N 

(•*•) [ 

c 

938 

— 35 . 9i»m 

(41#) 

eq. 

902 

N 

(•*•) 

0 

1233 

-46.4?* 

1800 

(«•) 

c 

1114 

— 26iaa» 

(424) j 

aq. 

1088 

N 

(•*•) i 

c 

227 

— 6I100 

(488, 1022) 

aq. 

176 

KtSa + 

(488, 1022) [' 



KCN; A 

. 

aq. 

169 

N 

(•“) i 

0 

562 

dissoc.* 

(841*) 1 

c 

792 

disaoo.* 

(342*) 1 

c 

1463 

2 

(4«*) 

c 

1768 

-21»* 

(4«») i» 

aq. 

1741 

N 

(4*») 

0 

1907 

-32** 

(484) 

c 

2864 

N 

(*001) f 

aq. 

2794 

N; *• 

(1040*) 

0 

1607.3 

— 14 1** 
*^•^800 

. 

doo 

1493.2 

Ka + 




Snai 

I 

c 

1620 

1 

• 

0 

(•^•) ■ 

c 

896.0 

KO + PbOt 

(X44*) 1 

c 

1162.8 

Ka + PbClt 

(244*) 1 

0 

838 

-46.1 

(111) 7 

c 

1429 

-210*00 

(111) 

c 

1839 

— Sliioo 

(*") 

0 

3608 

-132** 

8000 

(111) 

c 

2336 . 1 

KtSOa + 
PbSOa; A 

(20, S4S*) 

c 

4621 

12.8 

t»“) It* 

c 

2313 

1673 

(244) [■ 

c 

2394 

33.ll* 

•00 

(488, 478) 

0 

2998 

$00 

(•74) 

c 

4104 


(484, 474) 

c 

122 

63 J« 

100 

(140, 421*) 

aq. 

826 

mix. 

(*») 1 

0 

60 

IOSho 

i>44) 

0 

121 

133hci 

(••) iy 

e 

167 

34lHCt 

(••) s 

Uq. 

109.0 

K + Hg 

(424,* 4X7) ' J 

c 

660 

— 40*4 

700 

(>«) 1 

aq. 

620 

mix. 

(‘®®) 8 

c 

963 

-47.3*4 

700 

I 

c 

1116 

-02.9*4 

1000 

C®®) 1 

400 

1063 

mix. 

(•»• f] 

' c 

1408 

-OSOiJo 

(I54, 474) 

0 

2440 

-14114 

<>®®) 1 

aq. 

2308 

mix. 

{*’«*•) 1 

0 

3330 

-164 

(*••) I 

c 

677 

— 11*4 

KBr( IM) 

(»®®) 1 

4200 

633.6 

mix. 

(104, 141X) 9 

0 

877 

— 26KBr(ioo) 

(104, 474) 1 

0 

062 


(104, 474) g 

4400 

010 

mix. 

(104, 1411) fl 

660 

021 

mix. 

(•T«) i 

4800 

1661 

mix. 

(••>*) *! 

c 

444 

+ aq. 

1 (144) 

0 

731 

+aq. 

0®®) i 

0 

778 

-41.0*4. 

loo 

(474) 1 

600 

737 

Hgla + El 


aq« 

1048 

Hgla + El 

(*®®) 9 

aq. 

1080 

Hgla + KI 

(*®®) fl 

400 

- 137 

mix. 

* 

(1004) ^ 

c 

62 

-69 

(144) 11 

000 

- 7 

mix. 

(140) a 

0 

184 

-88 

(*®®) 1 

600 

146 

mix. 

(*<>•) ■ 

0 

476 

-48 

(*••) fl 

1000 

- 126 

mix. 

0®®) 9 

600 

666 

mix. 

rtoo) fl 

> / as 

iiaa\ u 

800 

1403 

mix. 

^ f Q 

(144) H 

1300 

8076 

ml* 


y 
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Formula 


t State 

Potassium 


KBr.Hg(CN), j ^ 

600 

KBr.Hi(CN),.liHK) . c 

KBr.2Hg(CN), lOoo 

2KBr.Hf(CN), 600 

4KBr.Hg(CN), 800 

8KBT.Hg(CN)i 1200 

KI.HgiCN), 0 

. 600 

Kl.Hg(CN),.iH,0 c 

KI.2HgtCN)t 1000 

2Kl.Hg(CN)> 600 

4KI.Hg(CN), 800 

8Kl.Hg(CN)t 1200 

KCLCuaj o 

2Ka.cua !> 


Qt ki 1 Method 

•{Continued) 

161 -50« 

102 mil. 

584 — 63»* 

170 mix. 

476 mix. 

1222 mix. 

2714 mix. 

97 - 60*« 

^7 mix. 

r71 -52U 

224 mix. 

060 mix. 

080 mix. 

2216 mix. 

662.7 14.9|« 

too 

1016 KCt + 


Lit. 


Formula 


2Ka.Cuai 

2KCLCuClt.2HiO 


1103.2 

1696 


K*S04.Cu804/_\, 

ta) (prvparvd 
b*low m®) 

K*®0*-CuS04(^,„,..j^ 

Isat. m-m®) 

Ka80«.CuS04(fuMd) 

Kt804.Cu804.2Ht0 

Kt8O4.Cu8O4.6HtO 


KtCu(COl)tjyj . 
KtCu{COi)i^jjj . 
KtCu(COi)tjjyj 

KI.AgI 

Kl.Agl.lHtO 

2KI.AgI.iHtO. 

BKI.Afl 

3KI.Agr.iHtO. 
KAg(CN), 


KtAg(CN)t 
KAu(CN)i. 
KtIrOIt. . . . 


RtlrOt 

KtPtOt 


KtPtClt 


KfPtBrt. 

KtPtBrt. 

KtPda*. 

RtPdat 

KiPdBrt 

RMnOt. 


KFe(804)t 

KF6(804)t.l2Hi0 

RtFe(B04)t.4Ht0 

RtFe(eO 4 )t. 0 HtO 

R«Pa(CN)f 


K4Fa(CN)« 


0 

0 

0 

e 

0 

e 

600 

1200 

aq. 

e 

aq. 

e 

e 

•0. 

0 

aq. 

e 

•a. 

c 

»<1- 

c 

0 

*q. 

aq. 

0 

600 

aq. 

e 

e 

0 

0 




K4Fa(CN)(.3HtO 
K«FaCO(CN)i. . 


KaFaOO(CN)4.3iHtO 


2164 

2179 

2169 

2782 

3978 

1788 

1777 

1786 

408 

627 

866 

1071 

1163 

28 

7 

101 

26 

117o 

III7 

163e 

1066 

1016 

1264 

1198 

026 

881 

1040 

088 

1094 

1037 

1214 

1161 

872 

813 

760 

2038 

6539 

3661 

4123 

206 

144 

661 

499 

1427 

608 

576 

1623 




26 

3S.2 

-“•S'.'. 


49.6Ha 

60 . 6 hc» 

®iOtta 

+aq. 

+•<1. 

+aq. 

+aq. 

KCN + AgCN 

RCN + 
AgCN 

AuCl+RCN(t) 

diaaoo.* 

“13»« 

RtlrClt + Co 
-60.7; a 
+Co; A 

NaiPtClt + 

RO; A 

-67.6 

- 44.2 

'fCo; A 

-61.3: A 

+Co; A 

-«7.0*» 

100 

+Co; A 
-63 

+CuCl; A 
Pd + KBr + 
Brt 

+ H 1 O 1 ; A 
mix. 

-67 

diasoc.® 

-40 

400 


+ Bri: A 

— 62*' 
1000 


69*' 

1000 

22 *' 

two 

N 


(>••) 

( 100 ) 

(lot, lott) 
( 100 ) 

(lit) 

(lot) 

( 100 ) 

(lot) 

(lot) 

(lot) 

(tot) 

(*••) 

(lot) 

(lot) 

(loai) 

(»«) 

(»»•) 

(lit, lie. 

1011) 

(tIO, OTt) 

(Ito.l, ttf) 
(4ft, tot) 

I (lt1,« OTt) 

I (itt, att.i, 

4lt, lit) 

(■**) 

(*'*) 

(•>M 

(”*) 

(*>*) 

(>*») 

(*»*) 

(**») 

(ti. 111) 

(140, 1011) 

I (140, toil) 

(*•'•) 

(411,411) 

(<”) 

(411, 414) 

(•'•) 

(•^•) 

(•'•) 

(•'•) 

(•'•) 

(tit, tTt) 

(•'•) 

(• 74 ) 

(•74) 

(tit, t?!) 

(•'•) 

(•'•) 

(Itt) 

(ti, 711, OTt) 

(•«. 4»t) 

(«». *74) 

(lf») 

( 111 ) 

(4lt) 

(Itt) 

(til) 

(It, III, •10) 

(177, Itt, 

741 ) 

(It, tlO) 

(T4t) 

(741) 

(744) 


KHfFe(CN).. 

KHiFe(CN)t. 

KiHFe(CN)t. 

KtHiFe(CN). 


I State 

Potassium 


Qt kj I Method 

(Coniinued) 


*q 

aq, 

aq. 


KiHFe(CN) 


KiNi(CN) 


KtCrOi, 

KiCrOt. 


Ul) 


KtCriO' 


KOCrClOi 
KtCriOit. . 


KCr(804)t. 

KNHtCrOt 


RtMoOi 

KtMoOi 


2Ka.UOiat.2HtO 

RVOi 

KVOi 

KVOt 

3KP.A1P, 


8KF.AlF,.3iHiO 

Ka.Aiat 

sKa.Aiai 

3Ka.2Aiai 

KAl(804)t 

KAI(80.),.12HfO 

Ka.Aiaj.6NHi. 

RtO.AltOi.4SiOt. 


KtO.AliO,.6SiOt(*daUH.) 

Kta.AlfOi.- 

6SiOt(mirrTxlii)«> 


Ka.Mga»m«it) . 
Ka.Mgat.6HfO 
2K<pl. Mgatuoelt) 
4Ka.Mgat 

KtMgtSOi)! 


0 

0 

800 

0 

1200 

1000 

250 

166 

eat. 

0 

0 

aq. 

aq. 

0 

600 

aq. 

aq. 

0 

a<J. 

aq. 

»q. 

e 

aq, 

0 

e 

0 

o 

600 

e 

e 

0 

ala. 

0 

o 

da. 

0 

0 

e 

0 

o 


364 

250 

100 

6 

247 

166 


1379 

1357.2 
2016.0 

2030.1 

1042.0 

1043.0 
1946.4 
1947.7 

1949.1 

1963.3 
1016 
2684 
2626 
2274 
1263 
1241 
1524 
1808 

2764 

1318 

1258 

1196 

3217 

3232 

4322.7 

1100 

2082 

2833 

2649 

6026 

1984 

5789 

6700 

7670 

7466 

7345 


Ni(CN), + 
RCN 

Tr; 17.0f« 
-22j0$m 
N 

-73.0jJ^. 

loot 

dll. 

N 


dil. 

dil. 

dO. 

dU. 

dil. 

19.6Mt 

-60 

N; analogy 
+KOH 
-22m 

N 

N 

RtMoOt + 
HtOt 
-16 
+ HtOt 
+ HiOt 
Iona 
+ HF 
+HF 

AlFt + KF 

2*2.0*» 

too 

196.2** 

itoo 

tooo 
+ KOH 

-42.3** 

uoo 

-12.7 

+ HF 

+HP 

1094w% hf 


Ut. 


-(•«) 

(*TT, T41) 

(itt) 

(ITT, tit, 

741 ) 

(t'T, Itt, 

rtt) 

(IMI) 

'(IMl) 

(III, 711) 

(*»•) 

(lit. itt. Til, 
#J4,f tTt) 

(lit, 111, 

tft, trt) 


('»*) 

(*••) 

(111, *74) 

(•••) 

(•••) 

('••) 

('•») 

(') 

(•»*) 

(•*») 

(**) 

(»*) 

(«) 

(”) 

(”) 

(") 

(•'•) 

(Itt, tTI) 

(«) 

(7ti) 

(741) 

(741) 


+ HF 

1328 n% hf 


KtMg(S04)t.2Hi0 

KtMg(S04>i.4Ht0 

KtMg(604)s.6Hf0 

KtMgC304)t.6Ht0 


1091 

118>* 

2039 

-12.9»« 

1530 

98 '• 

2407 

56>* 

2690 


3303 

®«io*o 

3023 

diaaoc.;* d 

4200 

4 

4403 

too 

1 —41 9** 


2RCLCaat(cD«lt) 

Kt 8 O 4 .CaSO 4 .H 1 O.... 
K 18 O 4 . 6 Ca 8 O 4 .HtO. . . 
KCaFaCO (CN) 4 . 5 HiO 

KtS04.8rS04 

KI.lja(nMit) 

NaK 

NaKt 

NaKi 

NaiK 

KNaCtHtO*. . : 


KNaC4H404.4Ht0 

3KCN8.NaCN8.. 


0 

0 

0 

0 

0 

0 

liq. 

liq. 

Uq. 

Uq. 

o 

•q. 

0 

0 


1684 

3133 

8809 

1860 

2844 

737 

8 

25 

22 

5 

1740 

1732 

2928 

844 


25*1 

-30.2 

3.0 

+Ot 

-20.1im 

14.0ii« 
368.8 
546.7 
743 
559 
7 8 
N 

-60.8 

-160.7 


| ('4t) 

(74#) 

(117.1) 

(It'.l) 

(117.1) 

(It'.l) 

(117.1, itt* 

lit. •74) 

(»Tt) 

( 111 ) 

(•'•) 

(411, lit, 

•74) 

(IIT.I) 

(»•) 

(*•) 

(til) 

(*•) 

(«•) 

(tit) 


(••) 

(ft, 147, !••> 
(Itll) 
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Cb... 

Ca*. 

CatO 


Formula | 

State 1 

0. ki 1 

Rb 

Rub 

0 

idium* 

0 

Rb* 

<o 

266 

RbtO 

c 

847 

RbsOi 

e 

448 

Rbi04 


666 

RbOHffi) 

A 

423.6 

RbOH foi) 

0 

TlhOfT . f TT tO i 1 • 

100 

3.18 

0 

483.0 

472.9 

RbOH.HsO 

0 

764 

RbOH.aHtO 

0 

1058.6 

RbF 

A 

567 6 

RbF.JHiO 

400 

0 

682.2 

661.6 

RbF.iiBfO 

w 

0 

1014.0 

010.4 

807.3 

439.3 

420.7 

402 

375 

381 

437 

421 

338 

311 

286 

421 

364 

367 

470 

1422.8 

1305.5 

1147.1 

1131.3 
1666 

600.6 

RbBFt 

A 

RbCl 

V 

400 

A 

RbBr 

w 

400 

A 

RbBn 

400 

A 

RbBrCli 

RbBriCl 

e 

A 

Rbl 

V 

#4 

Rbli 

V 

aq. 

A 

RblQt 

V 

A 

RblBn 

1 

n 

Rb«S 

^ 1 

A 

RbiSOi 

aq. ' 

1 

RtBSO* 

V 

440 

A 

RbI.4SOi ! 

V 

330 

A 

RbNOidi) 

V 

A 

RbNOni) 

V 

A 

RbBr.aNH) 

V 

200 

A 

464.6 

RbI.6NHi .... 

V 

A 

ftAI 

RbiCOi 

A 

Owl 

1 1 

RbtCOs.HtO 

sq. 

Mt. 

A 

1 1^0 

1183 

1170.0 

1^R7 

RbtCOi.liHiO 

V 

A 

1.0/ 

1612 

9100 

RbiCO<.3iHiO 

u 

A 

RbHCOi 

4Rb*C04.CO«.6lHiO.. 
RbCNS 

c 

aq, 

0 

A 

ZIW 

966 

046 

6768 

2RbCN8.80,... 

0 

A 

179 

2Rba.ThCl4 

A 

0/1 

0.4 At 

2RbCl.ThCl«.9HiO . . 

V 

A 

6046 

3208 

IOTA 

4Rba.ThCl4 

A 

2RbCl.Cuat 

c 

A 

2RbCl.CuCU.2HtO . . 

A 

1110 

1720 


V 


Method I 


Lit. 


Def. 

RbCl 

335<> 

+ HiB04 
Analogy 

Tr.:7.1»‘ 

Rb + HiO 

dU. 

N 

N 

-17.7” 

400 


N; analogy 

lone 

diaaoo.* 

diaaoo.* 

diaaoo.* 

-27.2l5o 

Iona 

diaaoo.* 

diaaoo.* 

diaaoo.* 

103 

N 

-27.9»» 

330 

N 

-is.eih 

230 

N 

diaaoo.* 

400 

Tr • 4 

ir., 

iona 

diaaoo.* 

diaaoo.* 

36.6 

N 

dil. 

l^Olto 

-l»ll?o 

- 

N 

-32.3 

-8o 

ions 

diaaoo.* 

81 

11 

116 

“ 12.8'®^ 
•00 

soo 


(41. a«, af4) 
(41t) 

(414) 

(atT) 

(»>•> 

(4i,aa4) 

(404) 

(3*7) 

(147) 

(147) 

(411) 

(414) 

(411) 

(411) 

(414) 

(414) 

(144, 441. 

1471) 

(411) 

(lie*) 

(134*) 

(114*) 

(411) 

(iiaf) 

(iiaf) 

(444) 

(444) 

(i44) 

(144) 

(144) 

(144) 

(141*) 

(441) 

(214) 

(402) 

(402) 

(404) 

(404) 

(404) 

(404) 

(144, f 404) 

(404) 

(407) 

analogy 

(1420) 

(244) 

(244) 

(244) 

(224) 

(224) 


Cesium^ 


0 

0 

Ai A ^ 

Def. 



AVw 

CaCl 


0 

344 

500 



•RbCl + KQ: beat of aoluUon, (•••). RbtSO. r.isn. 

NisO^MrfO* h' MnSO., CoSO., ZnBO., 

NiSOi, MgBOi, beat of diaaodation of hydrate (••*) 

® CaCNS.iSOi, heat of diaaociation (»**). C2«SOd rnSO* 
dlaaociatioD (»!. »*). X 80..6H J X . ^ 

heata of diaaociation (»•*). CaAuQ., heat of diaaoda^’n^M.^.' ' ’ *• 


Formula 


State I Q, kj 


Method 


Lit 


Cdsitun. — (Contintted) 


CetOt 

0 

676 

CaOH(6) 

0 

410.6 

OoOH^cv) 

0 



400 

488.0 


Bftt, 

476 

CaOH.HiO 

0 

766.4 

CeF 

c 

652.3 


400 

687.5 

CeF.IHiO 

0 

760.5 

CaF.UHtO 

0 

1012.6 

CsHF. 

c 

018.1 

— 

aq. 

002.5 

Caacfl) 

c 

445.6 



0 

# 


saa 

243 


400 

426.80 


200 

426.15 


100 

426.62 


50 

427.40 

CaBr 

0 

407.9 


aq. 

380 

CaBri 

e 

388 

CoBrOlt 

c 

442 

CaBnCl 

c 

425 

Cal 

0 

360.5 


•q 

317 

Call 

e 

300 

CelCh 

0 

428 

CalBrt 

c 

372 

C^IiBr 

e 

367 

CstS 

0 

366 


aq. 

480 

CstSOt 

0 

1427 


440 

1406 

CeHSOi 

0 

1162 


220 

' 1137 

C8l.4SOi 

0 

1603 

CbNO.jjjj 

0 

609.7 

CaNOijj, 

0 



400 

469.50 


200 

471.08 


100 

472.22 


60 

473 . 49 

CatCOi 

0 

1143.1 


aq. 

1193.6 


aat. 

1102.8 

C6tCOi.3|BtO 

0 

2209.3 

CeHCOi 

e 

068 


aq. 

960 

OCotCOf^COtil IHtO 

c 

10 760 

6CfltCOi.COi.l8|HtO . . , 

c 

12 770 

CaiThCli 

c 

2357 

OtThCU.8HtO 

c 

4770 

CaiThClt 

c 

3261 

2C8C1.CuCU 

c 

1134 

2C8Cl.CuCli.2H*0 

c 

1727 

C6LiI01(aait) 

0 


OflNaIOi(iD€ll) * * 

0 


CaKICl 

c 



Tr.: 7.4 «; 

Co + HfO 
dil. 

18*Ol{o 

35 0*® 
no 

ions 

17.7;to 

-16.6 
N 

Tr.; S.e^j) 

— * et 
N 
dil. 
dU. 
dU. 

iona 
diaaoo.* 
diaaoo.* 
diaaoo.* 

iona 
diaaoo.* 
diaaoo.* 
diaaoo.* 
diaaoo.* 
114 
N 

-20-8l‘o 

N 

- 

N 

diaaoo.* 

-“>-2;So 

Tr.: 3.6; » 

iona 
dU. 
dU. 
dil. 

N 
dil. 

N 

-34.4 
-108.0 
136 
10 
83 

•“■*L0i» 

SOO 

1 . 6 |« 

— 38.2140 
-60.240 


(404) 

(41, 147) 
(414) 

(44, 444) 
(404) 

(147) 

(401) 

(412) 

(411) 

(414) 

(414) 

(42, 144, 441) 

(1072) 

(244) 

(®») 

(4470) 


(244) 

(124*) 

(114.) 

(124.) 

(244) 

(214.) 

(224.) 

(124.) 

(224.) 

(444) 

(444) 

(144) 

(244) 

(244) 

(»••)■ 

(142.) 

(441) 

(224.) 

(4470) 


(402) 

(402) 

(402) 

(405) 

(242,. 404) 

(404) 

(407) 

(407) 

(244) 

(244) 

(244) 

(”•) 

(124) 

(45) 

(44) 

(44) 
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PARTIAL AND TOTAL HEATS OF FORMATION OF AQUEOUS SOLUTIONS 

F. Russell Bichowsky 


ABBREVIATION S AND SYMBOLS 

Mole fraction of HiO (“solvent”). 

Mole fraction of solute. 


Weight per cent solute. 

Total heat of formation of solute in solution, from its 
elements in their standard states at the same tem- 
perature (v. p, 169). 

aw 


-H. ^ 


dXi 

dji 

dX \ 


To calculate the heat of any reaction involving these solutions 
at constant T and p, proceed as in the case of pure substances 
but use partial heat of formation //, instead of heat of 
formation //, 

Example: To compute the heat of the following reaction at 


60®C: NHi -I- 4HiO (in solution) = 0.4NH* + 3.6HtO (in- solu- 
tion) + 0.6NH, (gas) + 0.4HK) (vapor). 

From the table we find: 

76.59 + 4 X 28542 = 0.4 X 78.68 + 3.6 X 

^ 284.83 -f 0.6 X 46.566 + 0.4 X 242.36 + H 

Hence H = 36.61 kilojoule. For further details, r. Lewis and 
Randall, Thermodynamics (1923), Chapters 4, 7, and 8. 

Heat op Neutralization op Strong Acids and Bases at 20®C 

The solutions contain 1 mole per 100 mole of HiO in each case. 
The values tabulated are joule/equiv., on the assumption that 
Ig-calto = 4.181 joule (Richards and Rowe, 1, 44 : 684; 22). 


LiOH]oo 
0 r^Q/dt 


NaOHioo 
Q dQ/dt 


KOHioo 

Q I dQ/dt 


HCl,oo 58 2541-231.61 58 0951-220.31 58 5931-202.4 


HBr too 58 572 

HI, 00 58 220 


57 878 
57 614 


58 484 
58 179 


HNOi,,, 57 961 -224.1 57 852 - 211.1 58 894 -188.6 


HCl 


HCl 


gas 

92.1579 

0"C 

92 1956 


20°C 
92 2332 

40°C 

92 2667 
60°C 

X, = H2SO4 

liq. 

794.581 

0® 

794.049 

20*^ 

793.518 

40° 

792.986 

60° 

791.919 

100 ° 

789.257 

200 ° 

786.596 

300 ° 


Xj 

iV 

% 

-H 

-Hi 

-Hi 

-H 

-Hi 

-Hi 

-H 

-Hi 

-Hi 

-// 

-Hi 

-Hi 


Xi 

N 

% 

-H 

-Hi 

-Hi 

-H 

-Ht 

-Hi 

-H 

-Hi 

-Hi 

-H 

-Hi 

-Hi 

-H 

-Hi 

-Hi 

-Ht 

-Ht 

-Hi 

-H 

-Ht 

-Hi 


0 3 
2.33 
46 5 

144 4 
126.8 
294 37 
144 4 
126.8 
293 62 
144 . 8 
126.4 
293 4 
145.6 
126 0 
29.3 0 


1 00 
0.00 
100 00 

794 56 

794.56 

320 45 
794.06 
794 . 06 

320 . 57 
793.52 
793 . 52 
321.12 
792 . 97 
792 . 97 
320.91 
791.93 
791.93 

321 28 
789.3 
789.3 

322 54 
786.8 
786 8 
330 2 


0.2 
4.0 
33 6 

752.3 

140.6 

289.77 

152.46 

139 9o 

289.242 

153.38 

139.15 

289.02 

154 0 

138.9 

288-55 

o7o 

0.25 
95 6 

802.35 
794 94 
318 06 

803.27 
795.40 

317.47 
803.73 

i 795.90 
; 316.97 

804.27 

796.36 

316.47 

805 . 28 

797 . 28 

315.47 

807.7 

802.3 
312 95 
810.2 

801.8 

311.4 


0.1 
9 0 
18.2 

158.84 

154.84 
287.288 
159.87 
153 7i 
286.760 
161.33 
154.47 
286.183 
162 88 
156.10 
285 55 1 

0 60 
0 6667 
89 1 

814.61 
,796.87 
313.50 
813 73 

796 . 57 
312 45 

813.61 
796-28 
311.49 
812.77 
795.99 

310.57 
812.14 , 
795 40 
308.64 

809.8 

793.9 
303 87 
807.3 
792 6 
300 1 


0.05 
19 0 
9 63 

160 95 

158.65 

286.970 

162.650 

159.846 

286.250 

165.06 

161.71 

285.617 

166.69 

163.13 

284 986 


0 02 
49 0 
4 00 

162.50 
161 62 
286.865 
164.295 
163.290 
286.1222 
166.73 

165.60 
285.4727 

168.61 
167.40 
284 8236 


0.01 

99.0 

2.00 

162 84 

162.54 

286.851 

164.826 

164.198 

286.1096 

167.57 

166.73 

285.458 

169.37 

168.45 

284 805 


0.005 
199.0 
1 00 

162.80 
162.88 
286.7223 
165 64 
165.39 
286 1046 
168.32 
167.65 
285.4538 
169 9i 
169.07 
284.802 


0 50 
1.00 
84,5 

822.77 
802.68 
306 . 93 
830.6$ 
801.97 
306 43 
821.81 
801 22 

306.01 
821.35 
800.51 
305 . 63 
820.39 
799.04 
304.84 

818.2 
795 6 
302 . 83 
816 5 
791 8 
301.7 


H2SO4 

0.40 0 

1.50 4 

78.4 57 

830 . 30 848 

812.10 832 

298.98 290 

830.01 849 

810.89 832 

298.85 290 

829.80 849 

809.71 832 

298.85 289 

829.55 845 

808.50 832 

298.81 289 

829.01 850 

806.07 832 

298.81 288 

827.8 852 

800.2 831 

298 . 68 285 

825 7 854 

793.9 831 

300 1 283 


20 0.10 
.00 9.00 

.8 37.66 

97 858 64 

.61 847.17 

.94 288.14 

.30 857.17 

.52 846.21 

.31 287.34 

. 64 855 . 79 

,44 845,16 

.77 286.66 

.83 854 28 

.35 844.24 

.23 285.92 

.60 851.48 

.19 842.27 

.10 284.54 

.5 845.0 

.6 837.4 

84 280.98 

20 836 6 

.1 832 4 

.7 278.7 


0 05 
19 0 
22 29 

862 . 40 
860.39 
286.97 
864 . 12 
860.52 
286.25 
864 24 
860.65 
285 . 63 
864 . 37 
860.77 

285.00 
862.86 
861.23 
283.70 
861.7 
861.7 
280 39 
860 9 

862.1 
277.0 


0.0 

00 

0.0 

l62 46 
162.46 
286.848 
165.8s 
165.86 
286.10s 
169.1 
169.1 
285.450 
172.0 
172.0 
284 798 


HaO 


gas 


liq. 


0.002 
499 00 
1.04 

870.40 
867.26 
286.852 
.871.99 
868.43 
286.112 
873.58 
869 60 
285 . 459 
875.13 
870 . 73 
284 . 806 
878.31 

873 . 07 
283.513 
886.4 

878.9 
280 23 
893 9 

884.7 

278.09 


241.89 I 286.848 


241.98 286 10a 


242.10 285.450 


242.3s 284.798 


0.00 

00 

0 

885.25 
885.25 
286 , 848 
884.08 
884.08 
286 . 103 
882.91 
882.91 
285 . 450 
881.78 
881.78 
284 . 798 
879.44 
879 . 44 
283.500 
873.62 
873 62 
280 . 23 
868.0 
868 0 
278.09 


1 - HiO 
liq. 

286.848 


286.103 


285.450 


284.798 


283.500 


280.23 


278.09 
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xt * NHt 




(fC 

45.867< 1 66.039 


20 ® 


46.2191 


40® 


X: 


64.909 


46.666s 


63.319 


60® 


47.2109 


60.893 


100 ® 


0.5 


0.3 

0.2 

0. 1 

0.06 

0.02 

0 01 

0.00 

1 


2.333 

4 

9 

19 

49 

99 


48.59 


28'. 84 

19.16 

9 50 

4.74 

1.92 

0.946 

0.0 

1 

1 7A I7I 

• 

78.68 

79 .'724 

80.645 

81.278 

81.091 

81.943 

81 -506 

1 81.231 


75.38 

77.218 

79.308 

80.60s 

81.356 

62.905 

84.96 

81 . 23i 

293.0 

289.03 

288.30 

287.17 

286.961 

286.867 

286 . 827 

286.81b 

286.848 

73.24 

77. Oo 

78.720 

79.518 

80.310 

80.619 

80.687 

80.771 

80.771 

66.13 

72.83 

76.17 

78.093 

79 . 683 

80.310 

80.64b 

80.771 

80.771 

293.4 

289.18 

287.18 

286.4591 

286.1708 

286.1146 

286.1067 

286.1038 

286. 1038 

70 78 

76.3 

78.178 

79.097 

79.808 

80.059 

80.14s 

80.185 

80. 186 

82 7« 

71.18 

75.38 

77.678 

79.30« 

79.978 

80.109 

80.1638 

80. 186 

293 4 

289 . 1 8 

288.7 

285.806 

285.505 

285'. 45s 

285.4518 

285.450» 

285.450 


75.38 

77.548 

78.469 

79. 138 

79.306 

79.348 

79.389 

79.431 


69.47 

74.07 

76.59 

78.68 

79.264 

79.348 

79.380 

79.431 



286.2* 

285.43 

284.831 

284.7997 

284 . 797 

284.707 

284 . 79? 



(76.79) 

(77.43) 

(77.43) 

(77.41) 

(77.43) 

(77 . 84) 

(77.84) 



(72.49) 

(75 . 38 ) 

(77.01) 

(77.43) 

(77.4a) 

(77.84) 

(77,84) 



(288.9) 

(286.9) 

(284.20) 

(288.35) 

(284.158) 

(284.158) 

(284 158) 


« HiO 



•241.97 


242.10 


242.35 


(242.90) 



286.109 


28J.450 


284.798 


(284 159) 


THERMAL CONDUCTIVITY 


Index Complet 
Mati^ree types. 

Gaz et vspeufB. 

Cristaux uniques. 

Solides non-m6taUiques. 
M^taux, alliages et amalgames. 

Liquides non-mdtalliques. 
Verres du commerce. 

Mati^res industrielles. 


Gesamt Iivdex Verzeiohnis 
Standardstoffe. 

Gase und Dtapfe. 

Einkristalle. 

Nichtmetallische feste Stoffe. 
Metalle, Legienmgen und 
Amalgame. 

Nichtmetallische FlUssigkeiten. 

Handelsgl^er. 

Industriematerial. 


Complete Index 
Standard materials. 

Gases and vapors. 

% Single crystals. 

Non-metallic solids. 

Metals, alloys and amalgams. 

Non-metallic liquids. 
Commercial glasses. 

Industrial materials. 

Heat transfer by convection. 

Free and forced convection in 
fluids. 


Transport de chaleur par con- 
vection. 

Convection libre et forc6e 
dans les fluides. 


TemperaturliberfUhrung durch 
Konvektion. 

Freie und erzwungene Kon- 
vektion in FlUssigkeiten. 


Indioe Completo PaO» 


Materiali campioni 218 

Gas e vapori 213 

Cristalli singoli 218 

Solidi non metallici 216 

Metalii, leghe e amalgame. 218 

Uquidi non metallici 218 

Vetri commerciali 218 


Materiali industrial! Vol. II, p. 
312, 316 

Trasmissione di calore per 
convezione. 

Convezione libera e 
provocata nei fluidi. . . 234 


THERMAL CONDUCTIVITY: GASES AND VAPORS 

T. H. Laby and E. a. Nelson 


Thermal conduciivityy k, is defined by the relation 

dQ . . . de 


d( 


— fc dzdy 


dz 


where dQ/dt is the time rate at which heat is conducted in the 
direction of the temperature gradient, d^/dz, across a parallel slab 
of area dx • dy. 

Theory.—See i**, 22 . 1 , 22 . 2 ). 

Uee/tU Formulae . — The relation, k = fyjc^ exists between the 
thermal conductivity, k, the viscosity, 1 ?, and the specific heat at 
constant volume, c,, where f is “constant,” e.y., fcai; if the 
temperature varies, f depends on the number of atoms in the 
molecule: for diatomic gases / = co. 1.75; for triatomic co. 1.4; 
for monatomic 2.6, which is the theoretical value for spherically 
symmetrical molecules (l^). 

Accuracy of Values of k . — The experimental determination of the 
thermal conductivity of gases is subject to very large error. For 
example, the 19 determinations of k for air deviate on the average 
from the weighted mean (given below) by 7 per cent. The number 
of observers whose observations were used in deriving the weighted 
means which follow is equal to the number of literature citations, 
excluding (*). 

Units . — In all of the tables of this section the thermal conduc- 
tivity, k, is expressed in kilo-erg cm"* sec"' (®C, cm“*)“h 

Conversion Factors . — 1 [kilo-erg cm“* sec“‘ (®C, cm"0‘*I 
(joule cm“* sec"* ("C, cm"*)-!] - 0.239 X lO"* [cal cm“* sec"^ 
(“C, cm-»)-M - 0.192 X 10-^ [BTU ft."* sec"' (^’F, in.-‘)-M. 
'See further Vol. I, p. 16. 


A-Table. — Elementary Substances and Atmospheric Air 


Formula | 

t, °C 

k 

Lit. 

A 

0 

1.58 

1 

(6, 7, 18, 26, 36) 

Cl, 

0 

0.718 

n 

H, 

0 

9 

15 9 

(4, 6, 7, 8, 10, 11, 17, 22, 23, 30, 36, 
38, 44); cf, (*0.5, 24.5, 49) 

He 

0 

13 9 

(6, 7, 8, 26, 36) 

Hg 

203 

0,772 

(24) 

N, 

0 

2.28 

1 

(0, 7, 11, 33, 36, 38) 

Ne 

0 

0.444 

(1, 36, 37) 

0 , 

0 

2.33 

(6, 7, 11, 31, 33, 36, 38) 

S 

Stafford’s data (2®) at various tempieratures appear 


not to be comparable with the data in this and the 


following tables. 

Air 

0 

2.23 

(2, 3, 4, 8, 9, 10, 13, 17, 18, 20, 23, 
26, 29, 30, 33, 36, 36, 44, 4S, 46); 
C/. (*0.B, 24.5, 49) 


stable. — Chemical Compounds 


Formula 

1 ‘'C 

i A: 

Lit. 

H,0 

100 

2.17 

(19) 

SO, 

0 

0.768 

(’) 

HiS 

0 

1.20 

n 

N,0 

0 

1.44 

(7, 31, 36, 38) 

NO* 

0 

2.08 

(7, 33, 38) 
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2&-Table. — Chemical Compounds. — (Cimiinued) 
Formula I ®C | k 


NO, 

NH, 

CO 

CO, 

ecu 

CS, 


55 

0 

0 

0 

100 

0 


4.01 (*a) 

2.00 (7f tlf 40, 47) (4.1) 

2.15 (7, 16, 16, »i, Si) 

1.37 (6f 6| 7, 10, 17, ss, Si, SI, SSr SO, 

Si, 44, 47) 

0.807 (>•) 

0.636 (7) 


» Otwenred ralue reduced to 0® by SutberUnd’e formula, 
▼ieeoeity data. 

C-Table 


Formula 


CHCU 

CH,C1, 

CH,Br 

CH.Cl 

CHJ 

CH, 

a 

CH 4 O 

CH,N 

C,H, 

CtH« 


Name f, ®C 


Chloroform 0 0.6081 

Methylene chloride 0 0.615 

Methyl bromide 0 0 . 574 

Methyl chloride 0 0.841 

Methyl iodide 0 0.433 

Methane 0 2.94 

Methyl alcohol 0 1.32 

Methylamine 6.51,51 

Acetylene 0 1.73 

Ethylene 0 1.64, 


C,H,Br 

Cjfl.Cl 

C,HJ 

C,H. 

C,H.O 

C,HtN 

C,HtN 

CtHiO 

CgHiO, 

CaHeN 

Cd3,N 

C4H1O, 

CiHieO 

C*HiiN 

CiHiiN 

C,Hi, 

C.H„ 

C»H,,N 

CaH. 

CgHit 

CaHi, 

CaHu 

CaHuN 

CaHiaN 


( 1 ») 

(*•) 

(>•) 

(>•) 

(>•) 

(7, SI, S6, 
M, 4i) 

(*•) 

(*^) 

(^) 

(7, 16, SI, 
Si) 


Gas MiXTcaxa 

% — Tolume % of first named constituent. The valueo of k in 

italics are taken from the A-Table 

A + R,.— (CofU^d) I O, + 

% 

33.33 

50.0 

75.0 

80.0 

84.64 
03.94 

96.64 
100 


Ethyl bromide 4.60.685 

Ethyl chloride 0 0.873 

Ethyl iodide 0 0.571 

Ethane 0 1.80 

Ethyl alcohol 100 1.96 

Dimethylamine 6. 51. 40 

Ethylamine 6.51.34 

Acetone... 0 0.006 

Methyl acetate 0 0 . 938 

Propylamine 6.51.19 

Trimethylamine 6.51.30 

Ethyl acetate 100 1 . 52 

Ethyl ether 0 1.21 

6.51.20 

Isobutylamine 6.5 1.18 

n-Pentane 0 1.16 (*•) 

Isopentane 0 1.15 (*•) 

n-Amylamine 6.5 1.11 (*4) 

Benzene 0 0.825 (*•) 

n-Hexylene 0 0.962 '(*•) 

Cyclohexane 101.81.64 (*•) 

n-Hexane 0 1.03 (*•) 

Di-r»-propylamine 6.5 

Triethylamine 6.5 



(*•) 

(»•) 

(*•) 

(7,1», 4i) 
(li) 

0^) 

(14, IS) 

(>•) 

(»•) 

(*<) 

0<) 

(»•) 

(Ii,«) 

{>♦) 

0<) 

(*•) 

(*•) 

(*♦) 

(»•) 

(li) 

(*•) 

(*•) 

(»♦) 

(»♦) 


A + Hs (44) 0“C 

A + N,.- 

-{ConVd) 

% 

k 

% 

k 

0 

tS.9 

38.920 

2.047 

6.39 

12.29 

64.130 

1.865 

16.32 

9.700 

79.617 

1.745 

54.63 

4.503 

100 

1.609 

72.66 

3.100 



A + Ht (»•) 0*C 
0 I 2.366 
21.961 2.189 


O, + Ho (*») WC 

0 te.8 

5.26 15.65 

14.29 13.45 

25.0 11 49 


■(CorU*S) 

k 

9.922 

7.639 

4t649 

4,14 

3.84 

2.99 

2.72 

t.J^ 


H, + H, (»•) 0*C 
57.4 i 6 150 


k 


17.40 

15.01 

11.70 


00, + H, (»6) pop 
% 


39.318 

63.017 

82.^9 



92.47 

100 


1.993 

1.872 

1.410 


TEMPERATURE VARIATION OP THERMAL 
CONDUCTIVIT7 OF OASES 




tn 


As k IS not a linear function of the temperature, whenever 
possible a Sutherland equation, 

. . 273+C / T 

kr hilt \77ZJ 

has been fitted to the observations, where T is the absolute temper^ 

ature, and the value of the constant C so obtained is used to 
compute 

1 /dJb\ 

* ktu \dry,Ti 

and kr/ktn* When no value of C is given, no Sutherland equation 
would fit the observations, and the directly observed values of 
ki/ko or of kt are given. In parentheses is given the temperature 
interval over which Sufheriand’s equation may be applied with 
accuracy. If a is required for a gu not given below, it may be 
calculated by using a value of C obtained from viscosity obser- 
vations on that gas. 

A-Table. — Elbmsntabt Substances and Atmosphebic Aie 

Hg(*4) I Air (4, 6, It, li, 47) 


A 

(•) 

f, “C 

ki/ko 

-182.4 

0.366 

- 78.4 

0.760 

0 

1.0 

+ 100 

1.31 


H, (4, 6, 7, 11) 

C - 94 
a« - 0.00277 
(-252.2 to +100“) 
-252.2 I 0.067 


aits.fttotii * 

0.0074 

N. (•) 

C - 114 
a, - 0.00291 
\kjk. 

(-191.4 to +100“> 


Air (4, It, i», 47) 

C - 125 
- 0.00298 

t, ”C I k./ib, 

(-191.1 to 212.5“) 
-191.1 0.316 

-150 0.485 

-100 0.674 


-200 
-150 
-100 
- 50 
0 

+ 60 
100 


0.304 

0.511 

0.693 

0.855 

1.0 

1.13 

1.26 


-191.4 
-150 
-100 
- 60 
0 

+ 60 
100 


0.323 

0.494 

0.680 

0.848 

1.0 

1.14 

1.27 


Ne (»7) 

C - 45 
- 0.00236 
(-181.4 to 
+ 106.8“) 


He (•, 7) 

C - 33 
o, - 0.00223 
(-252.2 to +100“) 
-252.2 I 0.154* 


-252.2 
-200 
-160 
-100 
- 60 
0 

+ 60 
100 


0.120 

0.399 

0.593 

0.749 

0.882 

1.0 

1.11 

1.20 


-181.4 
-150 
-100 
- 50 
0 

+ 50 
105.8 


0.462 

0.672 

0.736 

0.876 

1.0 

1.11 

1.23 


- 60 
0 

+ 60 
100 
150 

212.5 
32.5 

253.2 

430.6 
639 

<“ 

32.5 

253.2 

430.6 

639 


0.844 

1.0 

1.14 

1.28 

1.40 

1.66 

1.09* 

1.78* 

2.68* 

3.67* 

ki 

1.99 

3.24 

4.69 

6.67 


O, (•) 

C - 144 

a, - o.tmio 


*Oba. vuloe; but kt/k^ 
* 0.120 Moordinc to 
Sutherland’* •quittion 
which fltc obcerration* 
abore -252*. 


(-191.4 

to +100 

-191.4 

0.302 

-160 

0.472 

-100 

0.664 

- 60 

0.839 

0 

1.0 

+ 60 

1.16 

100 

1.29 


* Thea* TuluM of kt/ 
k% oaloulatod from tbo 
oboerratfona of Staf- 
ford(*») whan plotted 
asainat A glTe a eurva of 
oppoaita eurratura to 
that obtalaod from tba 
raaulta of other oboerr 
ora. Cautioa M mow 
aary« thwaforo. In aom- 
blnint hla ubaai rariona 
with tha oihwa flvao. 
Tha Taluaa slaan in tha 
taMe ara aaleulatod rala- 
Ura to tha ralaa of Aaa, 
obtalnad from tethar* 
laod’a fermola, uites 
C - 125. 




THERMAL CONDUCTIVITY— GASES AND VAPORS 


215 


!^Table. — Chemical Compounds 


H,0 (>*) 1 


k 

46 

1.80 

100 

2.17 

■N,0 (»• 47) 


kt/ko 

- 71.8 

0.771 

0 

1,0 

+ 100 

1.45 

wo (») 

-71.4 

0.760* 

0 

1.0* 

* These values satisfy 

Sutberlsnd's 

formula, 

with C • 195, obtained 

from viscosity measure- 

menu. 


CCI 4 

(12) 



46 

0.656 

100 

0.807 

184 

1.02 

CS, {7f 22) 

0 

0.636 

7.5 

0.668 

CHCl, (»•) 

r 

kt/ko 

0 

1.0 

46 

1.21 

100 

1.53 

184 

2.04 

CH,C1, («•) 

0 

1.0 

46 

1.26 

100 

1.62 

212.5 

2.44 

CH,Br (>•) 

0 

1.0 

100 

1.70 

CH,C1 (>») 

0 

1.0 

46 

1.36 

100 

1.76 

184 

2.46 

212.6 

2.79 

CHJ (12) 

0 

1.0 

46 

1.26 

100 

1.64 

CH 4 (D 

-181.6 

mSSSM 

- 75.6 



Inil 


NH, ( 

r 

- 57.6 

- 36.1 

0 

-h 100 


Jfci/ito 

0.744 

0.859 

1.0 

1.55 


CO (7. »•) 

C * 156 
tto = 0.00316 
(-191.0 to +7.5*’) 


-191 
-150 
-100 
- 50 
0 

-H 7.5 


0.296 
0.465 
0.658 
0.836 
1 0 
1.02 


CO, (<* 47) 

kt/ko 
0.667 
0.782 
1.0 

1.24 
1.51 
1.18* 
2 66 * 
4.62* 
5.56* 

/Ci 

1.25 
2.84 

4.93 

5.94 


-78.4 

-50 

0 

-1-50 

100 

36.8 

282.1 

506.7 

555 

r 

36.8 

282.1 

506.7 

555 


• The above values 
are baaed upon ktt.t/^o 
obtained from the results 
of other obeervere. 


(L-Table 
CH.OH (19) 


0 

100 

kt/ko 

1.0 

1.54 

C,H* 

(7, 47)* 

-71.1 

0.636 

-50 

0.739 

0 

1.0 

+50 

1.29 

100 

1.60 


* Sutherland'a form- 
ula: C - ICH giving ao - 
0.00&48. 


C,H,C 

0 

100 

184 

212.5 

:i (»») 

1.0 

1.73 

2.45 

2.76 

C,H, 

- 70.4 

- 33.6 

0 

+ 100 

'®) 

6.640 

0.806 

1.0 

1.78 

CtHsOE 

e 

7.6 

20 

100 

[(12, 22) 
k 

1.24 

1.41 

1.96 

CsHsimi (a*) 

oto->ioo ™ 0*006113 

• 

(CH,), 

r 

0 

46 

100 

184 

CO (»») 

kt/ka 

1.0 

1.29 

1.72 

2.56 


CH,CO,CH, (19) 

C 

kt/ko 

0 

1.0 

20 

1.14 

CH,C0,C,H4 (19) 

c 

k 

46 

1.13 

100 

1.52 

184 

2.24 

(C,H4),0 (19) 

e 

kt/ka 

0 

1.0 

46 

1.29 

100 

1.70 

184 

2.45 

212.5 

2.71 

n-CsHii (19) 

0 

1.0 

20 

1.11 

igp-CsHis (19) 

0 ' 

1.0 

46 

1.32 

100 

1.76 

184 

2.68 

C.H 

. 0®) 

0 

1.0 

46 

1.41 

100 

1.98 

184 

2.92 

212.5 

3.38 

C«Hi 

11 (1®) 

Hexylene 





n-C.Hu (19) 






VARIATION OF CONDUCTIVITY WITH PRESSURE 
According to the dynamical theory of gases, the thermal con- 
ductivity of a gas is independent of the pressure if the mean free path 
is small in comparison with the thickness of the conducting layer. 

According to Knudsen (19), when the free path is large in com- 
parison with the distance between two parallel plates, the quantity 


of heat, Q erg, passing in time t sec, from the plate at a temp#*r- 
ature to that at a temperature ffi, is 

Q = eA(ffi — 0i)pt 

where A cm* is the area of each plate, p dyne cm“* the pressure, 
and e, the “molecular coefficient of conductivity,” is a function of 
0 and depends on the nature of the surfaces and on the nature of 
the gas. For a complete interchange of energy when the molerule 
hits the plates, e, (g"^ cm"* sec) has the theoretical value, 

~~2 C 


e 


4 . 


Cv 


= 1819 (iV7’)-H 


+ 1 


275irpoT C\ - C. 7-1 

where T is the absolute temperature, pa, (gram) is the mass of 1 
cm* of the gas at 273° and 1 dyne cm"* pressure, and Cp, Cv, its 
heat capacity at constant pressure and constant volume, respec- 
tively. M = molecular weight of the gas and y — Cp(Cv‘ (In 
calculating the dimensions of e, temperature is assumed to have 
the dimensions of kinetic energy.) Experiment shows that the 
heat transferred is smaller than this theoretical value, but 
approaches it as a limit for rough plates, i.e., for complete exchange 
of energy, v. (2 5). 


MOLECULAR CONDUCTIVITY OF GASES 


Calculated valuCy conduction between absolutely rough surfaces, 


e - 1819 

Vmt 



7 “ i 


At 0°C, Hi, e = 460 g"* cm** sec (i.e., unit of heat = 1 frg; 
Oj, e = 117; CI 2 , e = 127. If unit of heat is the calorie, c for Hi 
at ’o° = 10.97 X 10-«. 

Observed value, Knudsen ('9). H 2 at 0°C, e = 121 g * cm * 
sec for conduction between glass and rough surface; c = 70 for 
glass and glass, surfaces being cylindrical. 

Schreiner’s values (25), using a fine drawn platinum wire along 
the axis of a glass tube: mean free path must be not less than 40 
times diameter of wire for data to be valid, c/. (27» 28 ). 


A 

1 

0. 

H 

3 

CO 

N 2 

e 

6 1 

■ r ! 

e 

e 

1 e 

1 t° 

6 

1 c 

e 

0 

68 

0; 


0 

138 

0 

98 


93 

- 78 

69 

- 78' 


- 74 

168 

- 78 

121 

- 78 

120 

-183 

104 

-204 

204 

-190 

325 

-206 

221 


213 


• If unit of heat • 1 calorie: e for Hj at 0® — 3.31 X lO"*. 
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INTERNATIONAL CRITICAL TABLES 


THERMAL CONDUCTIVITY OF NON-METALLIC 

M, S. Van Dusen 


For industrial materials, see Vol. II, p. 312, 316; single crystals, 
p. 230; SiOi, p. 106. Data for other non-metallic solids, and 
for such of the preceding as are of special importance in the 
construction of scientific instruments are given in the following 


table. Data for crystalline materials and for compressed powders 
are too scanty to permit any general conclusion to be drawn; the 
values tabulated are subject to considerable uncertainty. For con- 
ductivity of powders under reduced gas pressure, see Vol. II, p. 316. 


Thermal Conductivity op Non-Mbtallic Solids 

‘^■•7 = ^'T8tallme, Nat. = natural; B 183 = boils at 183°C; d = density of the specimen 

cflVlnoVM 7 Tl compressedl powder; <« = room temperatrlre. Jf. - 

t i 1 + al(lO) *1 if < hes within the range indicated; unless 0“C lies within the range, C is not if,. K„,r,K,, il+ 6j,fl0)-'l 

in the portion for inorganic solids, the “remarks” in section A apply also to the corresponding entries in section fi! ^ ^ 


Unit of Kt and C 


10-* watt/(cm®C); of D = 1 cm* sec-i; of d = 1 g cm**; of p 

Pure organic solids 


1 atm.; Af, B and range are 


Forinula 

Substance 

t 

Kt 

1 c 

a 

1 Range 

CjHs04 

Oxalic acid 

0 

90 

90 

-58 

-190 toO 

C.H.O, 

Glycerol 

0 

30 

30' 

-17 

- 90 to +10 

cai.No, 

p-Nitrophenol 

0 

27 

27 

-19 

- 50 to +50 

C^HtN 

Aniline 

-40 

28 9 

24 

— .*51 

-100 to -40 

CrHtN 

p-Toluidine 

30 

16 

O L 

CioH* 

Naphthalene 

1 

0 

38 

38 

-33 

-160 to +80 

CioHsO 

ot-Naphthol 

35 

24 


< 0 


CioH,0 

^t-Naphthol 

35 

24.6 

25 

- 5 

-170 to +100 

CioH,N 

Naphthylamine . 

33 

15 


< 0 


CioHhO 

Thymol 

12 

15 




Ci,H„N 

Diphenylamine 

0 

22 

22 

- 6.5 

- 180 to +30 

OiiHstOti 

Sucrose 

0 

58 

58 

— 45 

— RO n 

CitHijOi 

/5-Naphthyl salicylate 

-80 

22 

20 

* V 

-13 

ov/ lo o 

-190 toO 

CitHisO« 

^Naphthyl salicylate 

1-80 

12 

14 

+20 

-190 to -80 


Range 


38 

+ 10 

25 

- 47 

18 

-103 

m 

D - 0 

.00108 

1 

1 


180 to 
180 to 
180 to 


90 

50 

100 


Remarks 


d - 1.263; solid 
M 114 

B 183; M -8 
45 
Af 79 


* Probitbly « glaaa. 


Af 50 
M 13 
Af 54 

Crystalline 

Amorphous 


Lit. 

(•) 

(«)■ 

(»*) 

(>*) 

(JO) 

(», JO, 

»*) 

(JO) 

(JO, JJ) 

(JO) 

(«) 

(»*) 

(•) 

(•) 

(•) 


Pure Inorganic and Miscellaneous Solids 
A. One, temperature and effect of pressure 


SubitADce 


i. ®C 

Kt 

Rcmarka 

1 Lit. 

... 

Art. 

0 

109 

d - 3.06 

(■•) 

AgCi 

Nat.* 

0 

no 

d - 7.2 

(*•) 

AiO 

PP 

tR 

76 


(10) 

AfBr 


0 

103 

d - 6.0 

(»•) 

AliOi 


15 

1 050 


(*<) 

AliO. 

P 

tR 

68 

d - 1.84 

(*•) 

C(DU)t 

Crya. 

0 

15 000 

D - 1.5 

(10) 

C(Gr)t 

Art. 

0 

15 000 

D - 1.6 

1 













C 

Am. 

0 

tt \ 

D - 0.04 to 0.4 



1 










44 , 40 ) 

C (Or)it 

P 

40 

110 

d - 0.70; 

(*•) 





P| 20 OD 40 


C (Or).t 

P 

40 

38 

d - 0.42: 40 

(*•) 

C (Gr)it 

P 

40 

18 

d • 0.48;Fi 100 


C (LB)t 

p 

40 

A 5 



C(CD)t 

P 

40 

V « '.y 

11.2 

O ^ \J • 1 W4> 

d - 0.73 

(♦») 

C*Pi 


0 

1 100 


(•) 

CaF* 


“100 

3 00» * 


(•) 

CaCls.ftHfO 


24 

63 


(»•) 

Ca80«.2Hi0 

Art. 

tR 

38 

d - 1.36; 

(<•> 


1 

1 : 



D - 0.0025 


C«SO*.2HiO 

Art. 

tR 

74 

d - 2.13 

(<•) 

C«80«.2Ha0 

Nat.| 

tR 

130 

J - 2.88; 

(*•) 

c«(PO.), 

PP 

tR 

41 

D - 0.0042 

1 

(»•) 

CaCOt 

Nat-t 

30 

210 

d - 2.602; 

(•) 





6 - 1.0 



Subatance 


1 t, -c 

Kt 

1 Remarko I Lit. 

CaCO» 

Nat.l 

76 

188 


CdO 

P 

tR 

68 

d - 3.30 (*•) 

CoiOi 

P 

tR 

42 

d - 1.06 (*•) 

CffOi. 

P 

tR 

45 

d m 2.35 (»») 

CuO 


15 

330 

(»«) 

CuO 

P 

tR 

102 

d-2.10 (»•) 

CuClj 


15 

54 

(*») 

CuS 


15 

580 

(•*) 

CuS 

PP 

tR 

82 

(»•) 

CuSO«.6HtO 


15 

73 

(**) 

FeO 

P 

tR 

56 

d - 2.24 (*•) 

FejOi 


15 

126 

(*») 

FetOj 

P 

100 

49 

(■) 

FeS 


15 

710 

(»*) 

FeS04.7HiO 


16 

56 

(»») 

FeCiO«** 

PP 

tR 

52 

(••) 

HtO (ice) ..... 

'V • 

• . 

Cryt. 

a 

0 

200 

• 0.02; (*. !*.**• 
D-o.ontt 

<*) 

HtO (anew) 

Crya. 


il 

( 1 , 11 , 14 , 

14 »* 4 * 

••) 

Hga 

PP 

tR 

61 

(••) 

HgBr 

PP 

tR 

53 

(••) 

I 


30 

44 

(«•) 

KCl 


0 

670 

(•»*•) 

Ka 


-100 

2 too 

(•) 

KI 


0 

500 

d • 1.97 1 (*•) 
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Substance 

KsCri(S04)4.- 

24H»0 

MgO 

MgO IP 

Mg804.7Hs0 

MgCO* P 

MgSiOi PP 

NaCI 

NaCl 

Naa Nat. II n 

NaQ Nat. 

NaOOt 

Na>HP04.12Ht0.. 

NIO IP 

NiS04.7Hi0 

NiCOi IPP 

PbO 

PbO IP 

Pbi04 

Pb.04 IP 

PbFi \PP 

PbCIi 

PbCIi PP 

PbBr. PP 

Pbli PP 

PbS 

S Crya. 

8 Crys. 

8 Am. 

Bi 

SiOi (glass) 

Tin 

TlBr 

ZnO 

ZnO |P 

Z& 8 O 4 . 7 U 1 O 

Basalt (diabasic). . 

Basalt (diabasic). . 

Canada balsam.. . . 

CatUnit^Y 

Chalk 

Fibre (white) 

Ivory (laxis) 

Ivory (Uaais) 

Mica 

Mioanlte 

Paraffin 


I I. “C 1 K, I 


Kemarks 


Lit. 


Pyres glass. . . 
Rubber (hard) 


Rubber (soft) 

ShaUaa 

Tale 

VaaaUDe 


0 

15 

(a 

15 

(A 

tA 

0 


-190 

30 

75 

0 

25 

tR 

15 

iR 

15 
tR 

16 
tR 
tR 

15 

1 a 

<A 

iR 

15 

-190 

0 


0 

30 

0 

0 

0 

15 

tR 

16 
30 

76 

tR 

30 

<A 

0 

80 

80 

tR 

tR 


55 

126 

55 

48 

43 

36 

670 


2 600 
368 
316 
112 
54 
94 
48 
58 
210 
72 
210 
56 
40 
54 
33 
26 
24 
65 
64 
21 


20 
8 400 
145 
98 
82 
380 
59 
61 
169 

:73 

11 

183 

71 

29 

46 to 52 
57 

40 to 60 
20 to 40 

24 


80 to 75 
0 


109 

16 


d - O.SO 


d - 3.0 


tR 

tm 

80 

tR 


25 

307 

18 


6-36 

6-36 


1.45 


d - 5.84 
d - 4.7 


«. qI»o p. 106 
d - 6.6 
d - 7.1 

d - 2.80 


d 

6 

d 

6 

d 

d 

D 

d 


2.924; 

4.7 

2.924; 

2.2 

2.84 

1.547; 

0.0054 

1.22 


D - 0.0024; 
M 60-54 


d 

6 

d 

D 


2.234. 

4 

12 . 

0.0016 


13 to 16 >90 % pure 


d 

6 


2.751. 

15.7 


B. Variation with temperature 


(•) 

(»») 

(IS, 80) 

(**) 

(SX) 

(• 0 ) 

(<» •» 

SI, ss, 

48) 

(•) 

(•) 

(•) 

(•) 

(50) 

(*») 

(»») 

(80) 

(51) 

(IS, 81) 

(SI) 

(»*) 

(80) 

(»») 

(80) 

(80) 

(80) 

(»M 

(») 

(8. 18. 18. 
SO, ss, 
SS. 87) 

C») 

(*U 

(». Ml) 

(••) 

(»«) 

(»*> 

(IS, 81) 

(SI) 

(•) 

(•) 

(11,18) 

(•) 

(♦•) 

(80.48) 

(”) 

(I7,4S) 
(IT, 4S, 

♦■) 

(8, 14, 18, 
18, SO. 
11. SS, 
S4, S7, 
S8. 47, 
48, 81) 

(•) 

( 8 . 8 . •. 
18, 17, 
11, 28, 
80, SS, 
S7, 48) 
(IT, 18, 
88, 47) 
(18, SO, 

»») 

(•) 

(80, 84) 


Bubstance 


1 C 1 

« 1 

Range, 

Lit. 

Aga 

Art. 

109 

-46 

0 to 100 

('•) 

AgBr 


108 

-45 

0 to 100 

(>•) 

C (DU)t 

Cryt. 

15 000 


-200 to +100 

(*•} 


Substance 

1 

C 

i 1 

Range. ^ 

1 Lit. 

C (Gr)t 

Art. 

15 000 

- 3.3 

0 to 2 000 

(7, l«. It, 2S, 



88, 41, 48) 

c 

i Am. 

tt 

>07 

0 to 600 

(1, 17. IS, It, 



20, 44, 4#) 

c (Gr)il 

P 

100 

+48 

40 to 100 

(4S) 

C (Gr)it 

P 

33 

+ 40 

40 to 100 

(48) 

C (Gr)jJ 

P 

16 

+ 34 

40 to 100 

(88) 

C (LB)t 

P 

6.4 

+6 

40 to 150 

(♦8) 

C (CD)1 

P 

10.3 

+ 23 

30 to 150 

(♦•) 

CaFj 


1 100 

-37 

-80 to +100 

(8) 

Pc^xOi 

P 

30 

+ 25 

100 to 700 

(») 

HjO (ice) 

Crys. 

209 

-17 

- 170 to 0 

(2, 18, 82, 28. 





28, 42) 

HjO (snow) 

Crys. 

1 

! 

1 

1 

(1, 22, 24, 28, 
28, 28) 

KC\ 


670 

-44 

-180 to +100 

(8» !•) 

NaCl 


670 

-44 

— 80 to +100 

(8, S, 2S, 21, 




1 

1 


22, 48) 



112 

-52 

-80 to 0 

(8) 

. . . 

8 

Crys. 

21 

-25 

0 to 100 

(f, Jf, 28, 28, 





22, 28, 27) 

6 

Am. 

1 

20 

+ 10 ; 

- 190 to 0 

(8) 

SiOl (sl«LSs) 

145 

+ 23 

-250 to +100 

(8, 8, It) 

TlCl 

1 

1 

08 

-43 1 

0 to +100 

(»•) 

Fibre (white) 

1 

29 

+12 : 

0 to 80 

(80. 48) 

Par&ffin ... 


24 

-16 

-180 to +30 

(8, 14, 28, 28, 


1 

1 

1 

V 

1 

1 


20, 22, 22, 

24, 27, 38, 

47, 48, 81) 

Rubber (bard) 

1 

16 

1 

+6 

-200 to +100 

(3, 8, 8, 18, 

17, 21, 28, 





6 

20. 22, 27, 

<•) 


• Horn silver, cerargyrite. 

t Diamond. If 1 < - 200®C, K decreases with t. 
i (Gr) - graphite. (LB) - lampblack, (CD) - coal dust. 

5 F 20 on 40 means that the powder passed a sieve of 20 meshes to the inch, 
but was caught by one of 40: F 40 means that it passed a sieve of 40 meshes 
but that no indication of the limit of fineness of the powder is given. 


II Gypsum. 

^ Limestone, nearly pure CaCO*. 
•• Ferrous oxalate. 


tt In the range 0 to — 30®C. 

tt Values of Ko and C vary from 400 X lO’i to 4000 X lO'* watt/(cm. «C). 
HIn the range 0 to -30®C. X - (2.1 + 42d + 216d») X 10"* watt/(cm 
®C),D - (d-‘ + 20 + 103d») X lO'* cm* sec."* 
nil Rock salt, clear crystalline. 


Catlinite — pipestone 


« 

1 

2000 

4000 

6000 

llKjjjM 

Km 

183 

212 

228 

235 



10 000 
245 


12 000 atm. 

249 X 10-*watt/(cm, ®C) 
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STAIVBARD MATERIALS 

The materials in the following table are suitable for standard- 
izingf calibrating) or checking of scientific apparatus and instru- 
ments. 

Kt - iCod -b aUh 0® ^ ^ 100®C; JCi « X,.[l + a»{t - 20)], 

0* ^ 1 ^ 80®C; I « centigrade temperature. 

Unit of JC — 1 watt/(cm ®C) » 0.2389 calii/(cm sec ®C) - 

1.338 X 10-» BTUi./(in. sec ®F) 


K% I oo || I I au 


Ag 

4.19 

—0 00017 

H,0 

0.00687 

+0.00281 

Cd 

0.933 

-0.00038 

OfEtftOH . . ■ 

0.00182 

-0.00071 

Pb 

0.362 

-0.00016 

SiOs;i'.p.l06 




METALS AND ALLOTS 


About 76% of all measurements of the thermal conductivity of 
pure metals and of alloys were for the purpose of testing either 
Wiedemann and Franz's law that the ratio of the thermal 

(K) to the electrical (<r) conductivity is the same for all metals, 
or Inrenz's law that K/v is proportionid to the sbeohite 


temperature T. The most important papers on tbeee subjects are 

(>• S« lit iSt 1S» ISt SSt S4t Mt ZZt 41t 4St SO, SI, SS, SS, SO, ST, 
OS* 04, OB, SO, 07, TO, TS,^ »#, 77, 70, SS, S4, 01, 04, OS, f7, OS, 101, 


114, 110, 110) 


On the electron theories of Riecke (*2**), Drude (>*•*) and others, 
K/vT — ^(so/e)* 3(k#/«)*, a quantity which is independent of 

the metal and of T\ k% ^ Boltsmann's molecular gas oonstant, 
e “ electronic charge. With the values accepted for I. C. T., this 
givee WK/aT — 2.23 watt-ohm-(®C)“*. For observed values, sw 
Table 1. 

For the effects of mechanical stresses, sas Table 2. 


Table 1. — Relation or Thermal {K) to Electrical (r) Con- 
duct! vrrr 

Tabular values are A — 20*^/a-T; theoretical value of A * 2.23 
watt-ohm/(®C)*, on basis of the ''accepted constants" (Vol. L 
p. 17). 

Unit of A - 1 watt-ohm/(®C)* — 10‘* cgsm. 
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Table 1. — (Continued) 



A. 


too 


A 100 Cr-Fe,* chrome 


Pb I 2.661 2.6412.63 2.4612.61 


Pd 2.18§ 2.165 

Pt...... 2.475 2.695 13 

Rh 1.655 1.335 15 

Sn 2.48 2.512.49 2.532.49 17 

Ta 2.885 2.785 20 

Zii» 2.20 2.39 2.45 2.31 2.33 

Mean 2.34 2.412.41 2.412.38 


steels 

2.16811% CrI /t.otl A,ot 

2.73 


(«7) 


• FI*. 1 (»•). 
t Annealed QTOK^. 

X Quenched 1100«C. 

!(•). 

B Gimidtlte (omitted from i 


(57) 


2,86 


3.03 


2.74 


Fe-C, steel, iron, nickel (*®) 


30® 200® I 400® 600® 800 


Material 


Carbon Steel 

C* = 0.18% 2.59 2.63 2.76 2.68 3.02 

C*=0.64% 2.56 2.70 2.94 2.95 3.16 

C* = 1.02% 2.77 2.76 3.11 3.27 3.25 

C* = 1.50% 2.58 2.48 2.78 2.93 3.14 

Swedish iron 2.85 3.03 3.08 3.00 3.28 


Ni 


2.85 3.03 3.08 3.00 3.28 
2.17 2.53 2,67 2.73 2.75 


Manganin 


i I At 


-170 6.94 
-1004.16 
03.41 
183.14 
1002.97 

(57, 67) 


* Krupp carbon steel, same specimen as in Table 4 “ Tool or hi*h carbon steel 
No. 2. 


0.44 


TUNGSTEN STEELS 




VSSMiS^ 









Fio, 1, — Thermal (iO and electrical (<r) conductivities of chrome 
*taeU: Variation with composition and beat treatment C'*). 

UnitofX - 1 watt/cm®C.of^ - I0*ohm"» cm“*. An - annealed 
from 900®C; Q — quenched at 1100®C. Similar curves are obtained 
for the coefficient of expansion and for the moduli of elasticity; their 
shape is intimately related to the variations in the amounts of the 
several phases present. (.See lower section of figure; A — 0.6%, 
B ■ 1.2 % of Cr; o, 0, y refer to the a, y double carbides.) 


Fe-W, tungsten steels; t — 30®C (®*); (see Fig. 2) 




0 





2.47 

2.61 

2.58 

2.68 


W,%^ 


16 

20 

26 


0.3 0.6 


2.712.61 
2.632.63 
2.67 2.48 



Fio. 2. — Thermal (K) and electrical (<r) conductivities of tungsten 

steels: Variation with composition (**). 

Unit of /C “ 1 watt/cm °C, of <r = I0*ohm“‘ cm~’. Similar curves 
are obtained for the moduli of elasticity; their shape is intimately 
connected with the variations in the amounts of the several phases 
present. (See lower section of gfi^re.) 

Table 2, — Thermal Conducttvitt (K) of Metals: Effect of 

Stresses 

K varies nearly linearly with hydrostatic pressure (P) and with 
tensile stress (^); under torsion, K varies approximately as the 
square of the twist (t). 

Ko * conductivity of unstressed material at 0®C; /?, Kp, Kgt 
Kr ^ conductivity at the same temperature unstressed, under 
stress P, <8, r. 

Ks * apparent conductivity under stress S, assuming dimen- 
sions are the same as for unstressed specimen. Sm, t« » maximum 
values used in measurements. 
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Table 2.— (Continued) 

tp e - K)./KP; ig . 10«(Es - K)/KS-, S'g m 10*(E«' - 

K)/tCS; Ar ^ 100(/fr - K)/Kt* 

Unit of P and S = 1 kg/cm« = 9.81 X 10* dyne/cm* = 0.97 
An; of T = l°/cin = 0.0174 radian/cm = 30.6° /ft. 


Material | 

^0 

■SHES 


s-t 

mm 

1— 

1 a,5 

Ag 

4.19 

- 3.7 

WPF!\ 

-2.0 





Al 

a a 

2.03 

1 

1 

645 

-3.8 

463 

13.8 

1.84 

-0.27 

Bi 

0.0837 

-31 







Cd 

0. 933 

+ 7.4 







Cu 

3.88 

- 7.6 


-2.1 

463 

8.0 

0.74 

-0.64 

Cu-Zn|l 

1.06 




463 

6.3 

1.32 

-0.67 

Fe 

0.619 

- 0.3 


-1.9 



1.13 

-0.69 

Steel 

0.485 




1236 

6.2 

0.88 

-2.78 

Ni 


-12 


+0.48 

964 

4.2 

0.81 

-0.61 

Pb 

0.362 

-fl7.3 





1.10 

-0.21 

Pd 

0.674 



-0.20 





Pt 

0.696 

- 1.6 


— 1 35 





8b 

0.186 

-21 




1 

1 



S» 

0.667 

+ 12 





0.74 

-1.83 

Zn 

1.13 

+ 2.1 



463 

8.2 

0.69 

-2.01 

Lit 

(”) 

(’ ») : 

(59) 

(18 

,68); 



1 

V 

103) 



1 cf. (»"«) 


* MeMlfl very pure, maximum bydroBtatio preesure « 12 000 kg/om*. 
t Metala very pure, allowance made for change in diroenaiooa due to Btretcbing. 
Probable errore range from 2.4 % for A1 to 23 % for Ni. 

t Approximately 70 % of elaatio limit. ' 

I Metala not annealed. 

0 Brass. 

Table 3. — Thermal Conductivity (Ko) at 0®C op Pure Metals 


Ko » weighted mean of best determinations; Range » 
limiting values between which the true value probably lies. 

Unit of iC = 1 watt/(cm ®C) = 0.2389 cali*/(cm sec ®C) = 
1.338 X 10~* BTUao/Cin. sec ®F) = 10^ erg/(cm sec °C). 


Symbol | Kq I Range I 


Lit. 


Ag 

A1 

Au 

Bi 

C* 

Ct 

Cd 

Cot 

Cu 

Fe 

Fei 

Hg 

It 

K 

Li 

Mg 

Mo 

Na 

Ni 

Pb 

Pd 

Pt 

Rh 

Sb 

Se 

8q 


4.19 4 

2.03 1 

2.96 2 

0.0837 0 
0 . 0346 0 
0.167 0 
0.933 0 

J?io 

3.88 

:Q.619 Io 


0.486 

0.0836 

0.69 

0.99 

10.70 

1.66 

1.46 

1.36 

10.686 

10.362 

0.674 

0.696 

0.894 

0.186 


.06 -4.30 
.96 -2.16 
.86 -3.10 
.080 -0.091 
.032&-f).0366 
.160 -0.166 
.91 -0.96 
= 0.692 
.86 -3.96 
.67 -0.67 


0.44 -0.61 
0.0820-0.0846 

0.66 -0.62 

0.63 -0.77 
1.60 -1.66 
1.38 -1.64 
1.26 -1.46 
0.666 -0.606 
0.34 -0.36 

0.61 -0.69 
0.686 -0.700 
0.87 -0.91 
0.16 -0.21 


(iSee Table 4) 


0.667 


0.626 -0.676 


(35, 46, 67, 67, 99, 110); cf. (34) 
(4, 57, 56, 67, 73, 96, 117) 

(6, 57, 77); cf. (36, 99, 100) 

(30, 33, 67, 60, 70) 

(7);^. (28,116) 

(7, 65);^. (108) 

(24, 67, 67, 70, 96, 110) 

(51) 

(36, 57, 62, 67, 77, 89, 93^ 96) 

(8, 12, 40, 53, 87, 67, 70, 102); cf, 
(9, 27, 34, 79, 97, 109) 

(17, 36, 53, 67, 67); cf. (34, 64) 
(11, 12, 81, 112); cf, (2, 32, 48, 
69, 80, 111) 

(«) 

(54) 

(78) 

(70, 73) 

(•) 

{^^);tf. (>». »o) 

(6, 53, 57, 67); tf. (•) 

(12, 34, 57, 62, 63, 67, 70, 72, 77, 
85, 88, 96) 

(6, 87, 99) 

(6, 57, 77, 97) 

(•) 

(12, 24, 30, 70) 

(3, 12, 34, 57, 01, 67, 70, 05); cf, 
(4, Oi) 



Table 3. — (ConHnued) 


Symbol I Ko I Range | Lit. 


Ta 

10.544 

|0.52 

-0.67 

(•) 

Te 

Ki$ s* 

0.06 

(11.) 

T1 

0.39 



(19) 

W 

1.60 



(•) 

Zn 

1.13 

1.06 

-1.19 

(It, 97, 91,97);^. (34) 


• Gaa carbon. t With 0.24 % C, 1.4 % Fe. 1.1 % Ni, 0.14 % SL 

t Graphite. § Steel with oo. 1 % C. 


Table 4. — Thermal Conducttvity (K) or Metals, Cu^, 
FejOi, and ZnO: Variation with Temperature 

For alloys of definite composition, eee Table 6. 

In certain cases the recorded values of K have been adjusted so 
as to give in each case a Ko which agrees with the weighted mean 
given in Table 3. These cases are indicated by an a in the col fenn 
“Notes.’* 

8 = solid; I — liquid; t\ tf* = limits of temperature range within 
which the formula of variation applies; a, ^ = coefiBcients defined 
by the equation 

Ki - Kiil + 10-*a(f - t') + - 0*1 

if “ (Ko) ” or Ko is written in the Kt' column, the equation is 

Kt = KoH + 10“»af -f 
or 

a:, = a:;[i + io-*a/ f 

depending upon whether 0**C does or does not lie within the range 
defined by i* and t**. In the latter case the value of Kl is always 


given. 

Example: For Ag, Ki = 4.19(1 - 0.000170, if 0® i f ^ 100®; 
Ki = iS:o(l - 0.00054i - 0.0000026a»), if 18® ^ < a - 170®. If 
Ko = 4.19 and t ^ -100®C, K-ioo = 4.19[1 - 0.00064( - 100) 
-0.00000266(-100)»J - 4.19(1 + 0.054 - 0.0266) - 4.19 
(1.0274) = 4.30. For Al, the data from (*7) give Ki — Ko(l + 
0.0001760, if 18 ®i f ^ -126® and Ki - 1.98[1 - (10)-n.49(f + 
126)1, if -126® ^ i ^ -170®. 

Unit of = 1 watt/(cm ®C) = 0.2389 caliB/(cm sec ®C); of 
a = (1®C)"‘; of ^ “ (1®C)“*; t = centigrade temperature. 


Symbol 1 Note* 

1 *' 


1 Ki' 

1 a 

1 fi 

1 Ut. 

Ag 

a 

0 

1 100 

4.19 



(”) 


0 

18 


(Ko) 


-3.66 

(•7) 

Al 

a 

0 


2.03 



(•7) 


a 

0 


2.03 

+0.184 


(74) 



18 

-125 

(Ko) 

+0.176 


(•7) 


a 

-125 


1.08 

-1.49 


(^7) 


a 

0 




-0.84 

(•») 


if a 






(••) 





2.19 

+0.137 


(•■) 


/C-U,.4* * 

1.55; iC.Mi.4 ■■ 1.63; /T..!,,., * 1.90; 


a 

Ko - 1.03 





(••) 


a 

01 


2.96 



(•7) 





(Ko) 



(•) 


a 

AT.ui., ■■ 12.4; /T-iii., • 

■ 3.08; Ko ■■ Kn>o 




* Kioo.t “ 

2.96 



(77) 

Bit 

1 a 




-1.97 1 


(■7) 


1 



(Ko) 1 

BEW 


(74) 


±8%a 

K.im 





«, a Km - 0.0770; Km - 0.0756; JTtw - 0.0775 

I, a Km - 0.176; Km - 0.159; Km - 0.157; 

Km - 0.156 

At > 25: JC.iM - 0.266: K$ « 0.113 
At « 0.017: JC.iM - 0.098; Ko « 0.068 
iCt.iw - 0.209; K$ • 0.0813; Km « 04)507 
(Except grxphite) 


(1)« 

0 

100 

0.0345 

+ 1.5 

(2) 

30 

150 

0.00111 

+2.3 

(3) 

1427 

1827 



(4) 





(6) 

(6) 


Km - 0.046: Km - 0.050; Kmm - 0 0071 
Km - 0.372; Kiu - 0.530; Km - 0.640; 
Kim * 0.574; Kmm • 0.603 


(»•) 

(•») 

(«) 

(»») 

(••) 

(••) 

(7) 

(«••) 

(ll») 

(«) 

(**> 

(* 7 ) 
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Table 4. 


Bjmhel I Notci i C' 


•{Co nHnued) 


K/ 


I 


Lit 


Cl 


Od 


Cnl 




(Or^Ute) 
(Da 

(S) 


(3) 

(4) 


( 5 ) 

( 6 ) 

(7) 

( 8 ) 
( 9 ) 

a 

t, a 

L a 


( 1 ) 

( 2 ) 

( 8 ) 

(4) 


0 
0 
60 

Km - 


100 

660 

100 

1.92: 


Km -* 


0.167 +0.33 

(JCt) -3.36 +34.3 

0.441 +1.3 

Km - 1.60; Km - 1.32; 
1.11: Km « 1.03; Km 


Km 


- 1.18; 

0.0071 

Ktu * 1.41; Kwn ~ 1.36; Xm » 1.28; 
- 1.23; XiN - 1.17; Kim - 1.06 
30 
40 


Kan 




a 

i36 

18 

76 


122 

mean X 0.68 1 

100 

0.0119 

+4.8 

100 

0.0386 

+4.0 

100 

0.00183 

+3.4 

100 

0.983 

-0.38 

+ 18 

(Xe) 

-0.664 

330 

0.933 

+ 1.2 

440 

0.461 

+2.8 

ur *■ aA6; X.ai.t 


;X-m 

.T » 1.67; X 


1 100' 

3.88 

BIT] 


3.88 

“0.26 


4.18 

-2.4 

-126 

(Xt) 


362 

(Xf) 


TTil 

8.78 





+ 2.6 


* 17.46; X-ui.t ~ 13.0; X.im.* • 
4.72; X.TT.a - 3.97 

w 137.1; w 124.6; X.ut.* * 

130.6; X.fl» - 8.16; X.in.i - 6.94 
K^^iu * 4A7; Xim 4.06; Kam * 3.90; 

Km * 3.78; Xms ■■ 3.69; Kim * 3.43; 

Kmm - 3.86 

An, Xi« B 3.77; Xim 3.68; C, Kim * 
3.23 

167l I 3.18 I I 

An. Xm « 3.09; D. Xi« - 2.18 
0.63 % P, X» * 1.06; 1.98 % P, Xm - 0.633 
16l 6661 0.004441+4.06 I 

WiMhtlron.C £ 0.1 %;•.•<«>(>▼>••) 


tt 





^^8 P » Y i 

















1 











- 8.20 


Xu - 0.661; Xm - 0.646; Km - 0.615 


Km - 0.486; Km - 0.444; Km - 0.403; 
Km - 0.364; Xm - 0.353; Xw - 0.322; 
Xm - 0.326 
CMtfroD.{)C i 3 %:f. dim (•»«>) 

Xm - 0.32; Xm * 0.43; Xm - 0.60; Xm 
- 0.67; Km • 0.80; Xm « 0.86 

2 Xitt M 0.448 

3 Xiu •» 0.436 

8 20| 76| (X)* 1-1.0 |(X;- 0.643) 

6 Xm - 0.479; Xm • 0.466 

MUd Had, II O - 0.1 % ca.: 

0|-170| 0.486 1+0.16 | 

Xn « 0.666; Xm * 0.644 
Xm - 0.916; Xm - 0.846: X»« • 0.771; 

Xm • 0.800; Xtm - 0.764; Xim - 0.746 
Tool or high enrbon •teela,|| C - 1 % eo.; 


I 

3 

3 


1 

a 


4(0) 

( 6 ) 

<♦) 

id) 


0 

301 


40 

40f 

30 

30 


100| (Ka) 1-0.09 
K/ m 0.660 • 0.1366 - 
0.08120 

X, - OAOO - 0.08336 
- 0.07740 

X - 0A87 - 0.1306 - 
o.iaoe 

L, 0.426 


r, 0.0062 

r, 0.0197 
r,0.0067 

r,0.0164 

r, 0.0136 
r.0.0094 

r, 0.0106 


0.60 

2.6 

1.0 

1.9 

1.0 

6.3 

1.2 

6.0 


Unr. 


Var. 


Vnr. 


(») 

(••) 

(•••) 


(«) 

(«••) 

(»••) 

(*••) 

(•D 

(•D 

(>•) 

(>•) 

(”) 

(•D 

(•D 

(•D 

(•D 

(•*) 

(••) 

(TT, f«) 

(*•) 


(<») 

(IIT) 

(lit) 

(IIT) 

<••);•/. (••) 

(••) 

(•T) 

(■») 

rv 

(♦•) 

(•D 

(•D 


(•*) 


(*•) 

(*•) 

(••) 

(«) 

on 

on 

on 

on.e/.on 

on.ef.on 

(<•») 

<••*) 

(■•«) 

(«••):</. 
(»T, ST) 

(»••);«/. 

on •n 

(»••); e/. 

on •n 

(>••);«/. 

(•T, •?) 
(IM) 

<•••) 

(!••) 

(im) 


Table 4. — (Continued) 


Sjmbo) 

1 Notea 

I '' 

1 r 

1 K/ 

1 “ 

I P 

1 Lit. 

raiO.1t 


160 

720 

> 0.00623 

1+1.93 


on 



720 

•1060 

1 0.0109 

+ 1.63 


(*») 

Hg 

• 

0 

100 

1 0.0836 

0 


(11, 11. it); 








cf. on 


t 

-44 

-193 

0.28 

-6 


on 


$ 

X.m.i ~ 

1.07; X.tM.i 

1 





- 1.13 




on 

Ir 

a 

0 

100 

1 0.59 

-0.51 


0) 

K 

a 

0 

60 

1 0.99 

-1.34 


(54) 

Mg 

a 

0 

100 

1 1.55 

0 


(TO) 



Xm 

- 1.39; Xm - 1.36; Xm - 1.30; Xim - 




1.30 

: Xm 

- 1.33 



on 

Mo 

a 

0 

100 

1.46 

-0.46 


0) 

Na 

a 

0 

90 

1.35 

-1.23 


on 

Ni 

a 

0 

100 

0.586 

-0.31 


on; ef. 








(!**•) 



+18 

-170 

CX») 

+0.604 


on 


a 

X. - 

XlM ‘ 

- 0.586; X 

m * 0.578; Xm ~ 




0.655; X^oo - 0.624; 

XMt " 0.550: Xttto “ 




0.572; Xto. - 0.690; 

Xm - 0.617; Xim - 




0.625 




on 



Xim ' 

- 0.608: Xm - 0.675; i 

^m " Xm " 




Xm 

* 0«637 ; /Tm • 0.565; JCroi • 0.590 

on 

Pb 

m 

0 

100 

0.352 

-0.16 


on 



90 

210 

(Xi) 

-0.17 


on 


it a 

0 

325 

0.352 

-0.40 


on; cl on 


*• a 

826 

600 

0.165 

-0.20 


On;cf. (•») 


a 

0 

- 75 

0.352 

-0.24 


on 


a 

-76 

-170 

0.367 

-0.99 


on 



X.ut 

.1 • 0.577; X.tM 

- 0.508 

: X-1S4 ■■ 




0.414 




(71, TT, eo) 

Pd 

a 

0 

100 

0.674 

+0.68 


on 



0 

100 

(Xt) 

-0.08 


0) 

Pt 

a 

0 

100 

0.696 

+0.53 


on 



0 

100 

(Xt) 

+ 1.8 


O) 


a 

X.ut.4 “ 3.02 ;X_iii.t — 0.758; 

X® - 




0.695; Kti. 

I - 0.697; XiM.T - 0.702 

on 

Rh 

a 

0 

1 100 

0.894 

-1.0 


0) 

Sb 

a 

0 

100 

0.186 

-1.4 


on 



X.1M 

- 0.2025; X. - 0.1716 {A* 





0.0141) 




on 


1 


- 0.4619; X. - 0.2452 (A* 





1 14.3) 




on 


a 


- 0.367; X-M - 

■ 0.217: 

/Cb « 0486; 

on-.cion 


1 

XlBO 

- 0.179 




Sa 

1 

! X okanged by illumination, but effect is very 




email. {See p. 230.) 




Bn 

0 

0 

100 

0.657 

-0.8 


on 


0 

+ 18 

-100 

(Xt) 

-1.0 

t 

on 


0 

-100 

-170 

0.723 

-1.54 


on 


•. a 

0 

232 

0.667 

-0.41 


on 


i. *1 

232 

500 

0.369 

-0.66 


on 


0 , a 

0 

232 

0.667 

-0.47 


on 


: ^ ® 

232 

500 

0.342 

-0.20 


on 

Ta 

a 

0 

100 

0.544 

-0. 10 


0) 



1427 

1827 

0.73 

+0.34 


(II#) 

TI 

• 

Km ■ 

> 0.392; XiM - 0.405; Xim - 0.389; 




Xm 

- 0.445 

a A 



(*•) 


1 

850 

9 r 

e 

0.247 



(*•) 

wttt 

1 

0 

’ 100 

(Xt) 

-0.10 


(•) 


2 

Xim 

1.01; Kart • 1.07; Kati 1.12; 

l»*«);c/.(«») 



Xim “ 1.17; XvsT " 

1.21; Xtm - 1.26: 



3 

Xtm “ 1.29 






Kiti « (0.84); Xim • 

0.99; 





XinT " 1.11; Ktati “ 

1.21; Xtm - (1.27) 

(*•> 

Zn 

<1 

0 

100 

1.13 

-0.16 


on 


a 

+ 18 

-125 

(Xt) 

-0.081 


(•D 



-125 

-170 

1.13 

-0.74 


on 


it « 

0 

420 

1.13 

-0.10 

-0.83 

on 


a 

420 

600 

0.587 

-0. 13 


on 



Xm - 1.07; Xm - 1 02 

; Xm - 0.99 

on 

ZnO 


T 1 

1 

0.00695 1 

1 


(**•) 


* CommarcUl aluminium. 

t 800 aUo p. 231, Table 15. A * mean area of orye^ale; unit ■■ 1 mm*. 

X Bi powder, oompreaeed 5000 kg/om*. 

I (1) - Gae carbon, d - 1.42 g/em*. (2) • Lampblack. (3) » Untreated 
tamp aiamente. (4) - Carbon “ Idler.'* <5 )- Petroleum coke. (6) - Carbon 
eleetrodea for fumaoea, X meaaurad under operating oonditiona. 

I (1) - Graphite, d — 2.11. (3) - Solid graphite, d — 1.68. (4) — Aeh*^ 

eon graphite. (5) — Graphite electrodee, X meaaurad under operating condi- 
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tioDB. (6) “ Or^phite “Idler.'* (7), (8), (9) • Powdered grephlte, eom- 
preeeod 3 kg/om*; d - 0.70, 0.42, and 0.48, rcepMtiTely; the powder passed 
sieves of 8, 10, and 40 meshea i>er om, reepecUvely. 

^ (1) Natural crystal. (2) " Cu electrode, K measrired under operating 
conditions. (3) - Eleotrolytio Cu; An -• annealed. Cu * 99.98%; D - hard- 
drawn. Cu - 99.97 %; C - oast. Cu » 99.98 %, (4) - Lake Cu. cast, Cu - 

99.70 %. (6) Contains Cu, 99.44 %; Ni. 0.20 %; Fe, 0.030 %; As, 0.231 %; An 

* annealed: D • hard-drawn. (0) Cu containing P. as indicated. Additional 
references for Cu: (♦» •* **» *®» **» *•» •*» •»» »•» •i). 

•• Contains 99.4 % Fe. 0.14 % Mn, 0.13 % Nl. 0.1 % C. 

tt Swedish charcoal iron. 

tt (1) 3.5 % C, 0.04 % Mn, 2.2 % Si; Soft gray. (2) Very brittle, d - 7,00; 
Southern. (3) 3.04 % C, 1.33% Si, 0.69% P; Quo-iron. (4)3.6% C. 0.62% 
Mn. 1.40 % Si. 0.66 % P, 0.062 % Cu. 0.100 % 8. (6) 3 % C, 1 % Mn, 3 % Si, 1 

% P. 

11 2. Open hearth, boiler plate; 0.1 % C, 0.36 % P. 3. Cold-rolled mild steel; 
electrodes. 

HI 2. Krupp carbon steels; 12 kinds: C, 0.14 % to 1.6 %; Si, 0.06 % to 0.34 %; 
Mn, 0.27 % to 0,07 %; P. 0.01 % to 0.051 %; 8. 0.014 % to 0.044 %; Cu, 0.05 % to 
0.13 %. / ■ forged: a « annealed in vacuo, 900^C, 1 hr; q m quenched in oil 
from 900^C. In the equations in the table, b sum of atomic percentages of 
Mn and Si; e ■■ % C. 


1- 1 

30 

100 1 

E3] 

Esai 




700 1 



c, % 

1000 Kt (») 

0.18 

452 

462 

462 

427 

402 

372 


364 

306 

309 

0.44 

339 

339 

339 

336 

326 

306 

297 

259 

306 

309 

0.64 

439 

439 

436 

410 

410 

337 

366 

339 

251 

269 


423 

436 

423 

423 

402 

389 

352 

893 

297 

293 

1.02 

431 

423 

431 

414 

414 

402 

381 

414 

309 

318 

1.30 

360 

360 

368 

368 

300 

339 

318 

414 

326 

322 


360 

360 

364 

366 

347 

326 

g!i?M 

872 

272 

272 


For relation of K to electrical conductivity, see Table 1, Fe<7. 

8. Sted stampings, stacked. L * along the laminations, T across them; 
by inserting suitable material'between the sheets, K can be increased some 3 or 
4 times. “W. A." sUloon steel gave results similar to those tabulated. Unv. 
« unvamiahed: Asp. » coated with asphalt paint; Var. « varnished. 

4 . Sheet steel, sheets stacked and under pressure of 8.7 kg/cm*; about 3 % of 
total volume » air space and 9.6 % *■ varnish, (a) •• ordinary sheet steel; 
(b) * same, enamelled; (e) » silicon sheet steel, oxide ooated; (d) • same, 
enamelled. T denotes that /C is measured across the laminations. 

Compressed powder. 

*** A Mean area of crystals; unit 1 mm*. 

ttt !• “Pladuram." 3. Aged W filaments, values in parentheses are 
extrapolated. 

Table 6. — Thermal Conpuct iv itt (iT) of Allots and Amalgams 
For certain commercial metals (Fe, Cu, etc.), Table 4, 

The alloys are arranged in alphabetical order of the symbols of 
their constituents. 

A superior a prefixed to a conductivity (‘JC, *0.208) denotes that 
the observations have been adjusted to accord with the conduc* 
tivitiesof the pure constituents as given in Table 3. 

d « density; X * liquid; s - solid; indicate the range over 
which the temperature formula applies; a, fi are the coefficients in 
the equation 

K, - K,' II + (10)-»a« - n + (10)-*^« - f')*l 
unless “(iCo)” is written in the Ki' column, then Ki *» JTo [1 H- 
(10)”*at ■+■ (10)'^/M*), as always refers to the equation Ki « K$ 
(I 4- (10)**as(); S’ — electrical volume resistivity. Unless other- 
wise indicated, the composition is expressed in grams of constit- 
uent per 100 g of alloy. All temperatures are centigrade. 

Unit of 1C - 1 watt/(cm *0) - 0.2389 calu/(cm sec *0) - 
1.338 X 10-»BTU../(in. sec •F); of d - 1 g/cm*. 


Ag-Au (100) 


Au 

-Ko 

*iCioo 

Au 

•iC. 

•fClfiO 

At. %1 Wt. % 

At. %l Wt. % 



4.19 

4.12 

50.9 

65.4 

0.64 

0.92 


8.8 

2.33 

2.53 

55.1 

69.2 

0.76 

0.94 

9.7 

16.4 

■ W/JM 

1.69 

59.9 

73.2 

0.71 

0.96 

14.5 

23.6 


1.43 

70.3 

81.3 


0.98 


31.4 


1.28 

81.3 

88.8 

0.98 

1.26 

KSl 

44.2 



89.3 

93.8 

1.38 

1.62 

89.7 

62.3 



95.1 

97.3 


2.16 

45.4 

Kia 



100.0 

100.0 

tia 

2.95 



Ag-Cd(*oo) 

Cd 


At. % 

Wt. % 

•Ko 

•^100 

0 

0 

4.19 

4.12 

5.7 

5.9 

1.65 

1.92 

11.6 

12.0 

1.05 

1.32 

19.9 

20.5 

0.80 

0.96 

27.7 

31.4 

0.73 

0.92 


Ag-Zn (!••) 
Zn 


At. % 

Wt. %, 

•K. 

•if lot 

0 

0 

4.19 

4.12 

4.0 

2.5 

2.14 

2.28^ 

8.8 

5.6 

1.60 

1.81 

11.9 

7.6 

1.49 

1.73 

16.3 

10.5 

1.43 

1.65 


Ag-Cu (ios) 


Cu 

Kit • 

Cu 

Kit 

0 

4.05 

50 

3.12 

5 

3.52 

55 

3.14 

15 

3 43 

60 

2.75 

25 

3.30 

70 

2.63 

35 

3.19 

80 

2.67 

40 

3.11 

90 

3.02 

45 

3.13 

95 

3 25 

47 

3.11 

100 

3.82 


Ag.Pb (10*) 


Pb 

Ka 

0 

4.05 

10 

0.988 

20 

0.744 

30 

0.577 

40 

0.661 

50 

0.489 

60 

0.439 

70 

0.395 

80 

0 381 

90 

0.352 

100 

0.347 


Ag.Pd (••) 


Pd 

•Kti 

Pd 


0 

4.17 

60 

0.27 

10 

1.44 

70 

0.32 

20 

0.86 

80 

0.37 

30 

0.58 

90 

0.48 

40 

0.46 

100 

0.67 

50 

0.32 




Ag-Pt (••) 


Pt 

•fc« 

0 

4.17 

10 


25 

0.39 

30 


33 



Ag-Sn (los) 


8n 

K- 1 


Kn 

0 




10 

0.297 

70 


20 

0.196 



27.6 

0.393 

to 


40 


100 


50 

Q.3V7 




Ag-Sn (00) 

Sn - 4% 


t • 53 .0 

76.6 

K - 0 66 

0.57 


Ag-n (00) 


2.73%T1 

4.76 ' 

%T\ 

f 

K 

1 

K 


1.58 

48.5 

1.10 

37.5 

1.62 

EO 

1.15 


Al-Cd-Cu-Mg-Mn-Zn (») 
“Dow-metal” alloys, sand cast 

e 

8.3 
1.0 
2.0 


1 

a 

b 

A1 

8.0 

2.0 

Cd 

1.0 

2.0 

Cu 

1.0 

3.8 

Mg 

90.0 

92.0 

Mn 


0.2 

Zn 



Ktoo 


1.22 


0.2 

0.5 

0.737 


Al-Cr-Ctt-Fs-Si 
t - 30“ (T») 

Cr 
0.87, 

Annealed 30 min at 
K - 1.00; chiU cast, K - 


Fe 

Si 

i 0.92 

0.38% 


d 

2.74 

460*, 


Al-Cu 

Aluminium-bronse (*) 

Cu - 90%; K - 0.763; t - T 


Al-Ctt (108); tee also AI-Mg 


Cu 

iCii 

1 Cu 

1 Ku 

0 

2.11 

mm 


10 

1.61 

70 


wm 

1.45 

I5I 


30 



0.316 

50 


uSI 

3.85 


Al-Cu-Ps-Mg-Mn-Ni-Si- 
Sn-Zn (T») 

( 30*; Ki, chill cast; iCi, 

annealed 30 min at 450*C. 

/Cv is approximately same for 
all these alloys. 





* 

o 

Cu 

Si 

Fe 


Mn 
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Al-Cu-Fe-Mn-Si-Zn (ii?) 


A1 
Cu 
Fe 
Mn 
Si 
Zn 
t 

K 


a 

99"49 
0.07 
0.30 


0.30 

0.07 

136® 

1.97 


& 

e 

d 

e 

91.17 

92.06 

91.44 

91.33 

7.61 

6.78 

7.30 

8.04 

0.66 

0.68 

0.69 

0.63 

0.36 

0.36 

0.41 


0.31 

0.23 

0.23 


Tr. 

Tr. 

0.03 


163® 

173® 

172® 

164® 

1.38 

1.42 

1.38 

1.46 


a 

b 

d 

# 


h&rd 


All pig Al, sand cast, c = Scrap Al, sand cast. 
60% pig Al, 60% scrap Al, sand cast. 

All pig Al, chill cast. 


Al-Cu-Fe-Mn-Sn-Zn (*') 
Manganese bronse; high tensile brass 


Al 


Cu I Fe 


Mn 


8n I ^ 


0.96 

57. 14 

1.84 

2.33 

0.26 

37.48 

V 

i” 

a:o 

a 

|3 


0 

400 

0.670 

0.72 

B.16 



Al-Cn-Sn 

Aluminium>bronse 


Al 

Cu 

Sn 

i 

K 

9.09 

89.87 

0.47 

240 

CO 

6 


Al-Mg (>*) 

^*Dow-metar’ alloy, sand cast 


Mg 

Ki 9 Q 

Mg 

Xseo 

85 

0.611 

94 

0.841 

88 

0.670 

96 

0.942 

90 

0.720 

98 

1.11 

92 

0.774 

100 

1.67 


Al-Mg (»®*) 


■~n 

a 

b 

c 

d 

e 

r 

Al 


4.12 


99.88 

97.62 

96 

Mg 


96.82 

89.82 

0 

0 

0.5 

Cu 

Fe 



0.028 

0.027 

0.030 

0.48 

0.66 

4 

Mn 

Si 



0.023 

0.059 


0.6 

iC„ 



0.486 

2.09 

1.69 

1.86 


«s siT«n 


Al-lAg-Mn (») 

1 


Att-Cd <»oo) 


**Dow-metaP’ alloy: sand cast 

Cd 



Al 

Mg 1 



At. % 1 

Wt. % 

•Ko 


6.8 

lEIEll 

mwm 

WEm 



2.96 



Al-Sb 

(lOS) 


6.4 

1 

3.1 

1.24 

1.48 

Sb 

K%t 

1 Sb 1 

JCm 

8.7 

6 1 


1.17 

0 

2.11 



17.2 



0.80 

10 

1.84 

70 







1.69 




Ao-Cn (**«) 



1.41 

^^3 

0.243 

Cu 




KhTw 

100 

0.201 

At. % 1 

1 Wt. % 

•Xo 

“Xioo 


EEIS 





2.96 

2 96 


Al-Sn (!«•) 

1 

1 

9.6 

3.3 

1.10 

1.36 

Sn ! 

^ii 

1 Sn 



7.4 

0.68 

0.80 


2.11 


1.14 


12.2 

EZ3 

mwm 

10 

1.86 

80 


68.1 

;K20 

0.69 1 

EO 


1.73 

90 

0.811 

79.3 

66.3 

0.69 I 

0.72 


1.39 

100 

0.628 

89.6 

73.6 

1.04 

1.28 


1.26 





3.88 

3.83 


Zn 

0 


Al-Zn (io») 


•^10 

2.11 


I 


Att-Pd 

26®C (••) 


10 

1.62 

Pd 


Pd 

•K 1 

Pd 

•X 

20 

1.36 

0 

2.9d 

40 


80 

OKM 

80 

1.32 

10 

^^2 

60 

QQ 

90 


00 

1.19 

20 




100 

i!k!B 

100 

1.16 

30 



BB! 




i 

Pt 

0 

10 

20 

30 

40 


Au-Pt 

26®C (»•) 

•iT 
2.96 
0.69 
0.38 
0.28 
0.24 


Au-Zn (9®) 


Zn 


At. % 

Wt. % 

•Xo 

“XlOO 

0 

0 

2.96 

2.96 

4.9 

3.0 

1,18 

1.33 

10.1 

6.5 

mEMi 

0.81 


Bl-Cd (>«•) 


Cd 

Xm 

0 


10 

0.129 

20 

0.163 

30 


40 

0.261 

60 

0.339 

60 

0.393 

70 

0.489 

80 

0.697 

90 


100 

0.941 


Bi-Cd-Pb-Sn 



Bi 1 

Cd 

1 Pb 

Sn 

t 

X| 


48 

13 

26 

13 

7 

0.133 



bt 

50 

11 

25 

14 

0 

0.184 


• « - Wood’B alloy, melts 70®C <>»•); b - UpowiU’s alloy, melta W*C (•’). 
t ao - 0.288 if 18« ^ I ^ - 170°C. 


I 


Bi-Pb 

?; Volume % (9®) 


Pb 

0 


K 

0.0778 


Bl-Pb. 

Pb 

94.41 

100 


{CofUintted) 

K 

0.310 
0.336 


0.43 

0.0787 

Pb 

= 46% (weight) (*«) 

0.76 

0.0726 

t' 


X., 

a 

1.63 

1 

0.0640 

0 

130 

0.100 

-0.48 t 

1.66 

0.0498 

130 

300 

0.90 

+1.3 1 

2.69 

0.0490 


Bi-Pb-Sn 


3.63 

0.0640 

Rose’s metal (*1®) 

8.63 

0.0766 

Bi 

Pb 

Sn 1 

C 1 K, 

42.30 

0.122 
rk 1 rws 

60 

26 

26 12., 6(0.167 


Bi-Sb 

(o) Cast metal (*®) 
Values of 1000 *K 


%8b 1 

-190® 1 

-77® 


100® 

0 

214 

89 ! 

83.7 


9 

65 

49 

54 

68 

11 

41 

36 

44 

62 

13 

46 

42 

52 

66 

20 

46 

44 


71 

50 

60 

61 

68 


70 

71 

76 

81 

97 

100 

367 

218 

186 

179 


( 6 ) 


Value of 1000 pressure -» 6000 kg/em» 



/V — 

0 

208 


81 

61 

6 

68 



67 

7 



49 

67 

11 

160 



66 

13 

93 


88 

81 



137 

1 

121 

106 


< - 12.6 (••) 

Sn* 

X 

a 

Sn 

X 

2.87 


83.3 

0.096 

9.74 

0.0627 

60.0 

0.234 

23.87 

0.117 

66.7 

0.423 

60.10 


100 

0.636 

76,07 


0* 

0.0796 

96.73 

0.661 

0.46* 

0.0686 

100 

0.627 

0.96* ' 

0.0627 

* Volume %: ( • 

- T 
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Hg 

5.14 

5.14 

10 

10 


Cd-Hg (4«) 


t 

K 

56 

0.84 

95 

0.83 

64 

0.72 

82.6 

0.71 


Sb 

0 

33.3 

50 

51.7* 

66.7 

100 


Cd-Sb (2<) 
Values of ‘K 
- 190° I - 70' 


Co-Fe (»i) 

Cobalt iron 

Wt. % of impurities in “Fe” 

= 0.09 C, 0.288 Cu, 0.31 Mn, 

0.03 P, 0.026 S, 0.11 Si; in "Co" 

= 0.24 C, 1.4 Fe, 1.1 Ni, 0.14 
Si. 


Cn-Fe-Pb-Sn-Zd (») 

a = Phosphor bronse, 6 - Admiralty gun-metal, e - Oidinarr 
^^etal, d = 70:30 Brass, « - Monel metal, / - Whiteb^g 


0.113 

0.139 

0.055 

0.386 

0.272 

0.290 


0.933 

0.118 

0.276 

0.214 

0.179 

0.218 


EqTdmoIecnUr 


0® 

0.933 

0.112 

0.0226 

0.0138 

0.0136 

0.186 


Sn 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

100 


Cd-Sn (105) 

0.942 

0.876 

0.837 

0.783 

0.754 

0.699 

0.653 

0.645 

0.694 

0.667 

0.536 

0.628 


.494 

.444 

.440 


Cd-Zn (io») 


Zn 


0 

0.941 

10 

0.954 

20 

0.966 

30 

0.996 

40 

1.02 

60 

1.04 

70 

1.07 

80 

1.09 

95 

1.13 

100 

1.16 


Co 

0 

5 

10 

15 

20 

30 

40 

50 

70 

80 

90 

100 

Similar c 
properties. 


JTio 

0.467 

0.402 

0.396 

0.409 

0.438 

0.603 

0.599 

0.712 

0.721 

0.612 

0.402 

0.692 



Cr-Fe 
Chromium sU 
Annealed fros 
Cr K 

0 0.418 

0.6 0.416 

1 0.402 

2 0.400 

3 0.374 

5 0.305 

10 0.218 

15 0.186 

20 0.179 

Quenched at 1100®C 


0 

0.6 

1 

2 

3 

6 

8.6 

13 

17 

See Fig. 1. 


0.410 

0.371 

0.369 

0.364 

0.291 

0.186 

0.162 

0.140 

0.130 


Cr-Ni (io») 


Ni 

Ku 

50 

0.117 

60 

0.126 

70 

0.109 

90 

0.197 

100 

0.586 


Ca-As-m-Sb (SI) 
Arsenical copper; Fb, Sn 0 
Cu I As I Ni I Sb K. 
99 . 530|0 . 389|0 . 022|0 . 003 2 . 13 
oi 0.088 if (T ^ 1 


a* 

h 

c 

d 

ft 


Cu 

87.82 

87.24 

86.05 

70.29 

29.07 

4.00 


a ooDtaios 0.35 P. 


^ ye I 
0.17 
0.21 
0.21 
0.31 
2.68 
0.14 

t • eooUloa 0.30 


Pb I Sn 

Tr. 11.28 

0.35 10.02 

0.98 8.72 

0.34 0.36 

0.84 67.06 

0.12 

I / eootaljM 7.73 8b. 


Zn 

Tr. 

2.18 

5.04 

28.71 

87.80 


r 

400 

400 

400 

400 

400 

200 


0.481 

0.544 

0.682 

0.963 

0.239 

0.269 


1.2 

0.98 

0.49 

0.87 

2.3 

3.1 


fi 

0 

-0.48 

-0.16 

- 2.8 

0 


0 

0 

At - 


7 



Cu-Mn-Ni, Manganin 
Cu » 84, Mn - 12, Ni - 


Ke a 


0.208* +2.7 

•0.208 +2.66 


4% 



+4.6 


(57, sr) 
(«7) 


Ctt-Mg (IS) 

"Dow-metal" alloy; sand cast 

Mg Ktao 

96.0 0.325 


Cu-Mn (*®») 1 

Mn 

Jfii 

0 

3.84 

10 

0.272 

20 

0.171 

30 

0.134 

40 

0.130 

60 

0.113 

80 

0.105 


Co-Hi (*os) 

Ni Ktf 

10 0.389 

30 0.242 

40 0.226 

50 0.226 

60 0.226 

70 0.286 

80 0.306 

100 0.586 



Cu 

86.7 

f 

0 


Cu 


Co-Hi-Zs 
German silver (47) 

- 62, Ni - 15, Zn - 22 


Co-Ri 

Eureka, Constantan, etc. 


\ a 0 

0 1000.239* 2.7 

18 -170 CKp) 1.81.95 

O' -170 0. 243t 2.74.5 

•Kt m 0-239 ± 0.016 («»• *>•); 

c/. (*«» . 2.7 (»•). 

t Platinoid, approiliDatabr iaoM 
tion aa Oarman sUtv (*^)? 


com 


Ni 

t 

/Cl 

lit. 

3.94 

38.5 

0.89 

(4S) 

3.94 

56.5 

0.91 

(46) 

17.3 

53.6 

0.37 

(44) 

17.3 

75 

0.39 

(44) 

46 

18 

0.202 

(»4) 
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Ctt-Pb-Sb-Sn-Zn.— (CotU’d) 


Cu 

Pb 

8a 

1 


Zn 

e 

84.03 

5.01 

5.14 

4.92 

f 

86.60 

0.04 

10.65 

2.81 

ff 

85.29 

8.26 

6.56 

0.89 




t 


K, 

a 

0.386 

d 

246 


0.456 

1 

b 

0.260 

e 

232 


0.962 

c 

0.318 

/ 

247 


0.685 



Q 

230 


0.741 


'tu-Sn, 6% Sn <^e) 
iCu = 0.77; = 0.83 


Cu-Zn (100) 
Zn 


At. % 

Wt. % 

•Ko 

•Kioo 

0 

0 

3.88 

3.83 

7.1 

7.3 

2.11 

2.29 

14.0 

1 

14.3 

1.56 

1.70 

27.3 

27.8 

1.20 

1.45 

32.4 

33.0 

1.21 

1.39 


% Zn (4«) 

t 

1 

K, 

3.1 

41.5 

2.74 

3.1 

73 

2.76 

5 

38 

2.13 

5 

75.5 

2.09 


% Zn (IM) 

Kio 

11 

1.14 

13 

1.26 

18 

1.30 

32 

1.08 


Zn - 18%; A 
crystalfl, unit 


mean area of 
1 mm* («) 


A 

0.6 

11 


0.660 

0.650 


Ko 

1.270 

1.295 


Braae, Zn » 30 % 


f' 

V' 

Kt' 

a 

Lit. 

0 

100 

1.06* 

-1-1.6 

(70) 

0 

-76' 

“1.06 

-M.47 

(67) 

-76 

-170 

“0.94 

-1-2.34 

(67) 

Yellow brass, Ko «= 

0.855 

(70) 

Red brass, Ko » 1.03 

(70) 


• ir« - ± o.Ofl (»*» •Tt 

»<)!</. («. »«). 


Fe-Mn 

Manganese steels (^^); c/. (O®) 
Wt. % of other substances in 
“Mn” * 1.90 Al, 0.07 C, 0.24 
Fe, 0.46 Si; in “Fe” = 0.206 C. 
0.114 Mn, 0.05 P, 0.04 S, 0.06 
Si. Points of inflection near 
<*Mn” =1%, they exist also 
in curves representing other 
properties of these steels. 



% “Mn” 

Kto 

0.11 

0.644 

0.31 

0.468 

0.6 

0.422 

0.8 

0.399 

1.1 

0.412 

1.6 

0.356 

2.0 

0.316 

3.0 

0.260 

6.0 

0.184 

7.9 

0.156 

8.8 

0.147 

9.8 

0.148 


Fe-Ni (»«); c/. (3) 
Nickel-iron, Invar, etc, 


%Ni 

0 

1 

2 

5 

10 

15 

20 

25 

30 

36t 

45 

75 

100 


A.* 

0.697' 

0.446 

0.422 

0.362 

0.289 

0.220 

0.209 

0.138 

0.118 

0.110 

0.146 

0.289 

0.686 


• (•’). 

t Invar (FetNl) contains about 36 
% Ni. Other properties also have 
maziinum or mlnlnuin at Ni • 80 to 
40% 


Nickel steel (Krupp) (••) 

Ni - 30.4, Mn - 0.84, Cu - 0.26, Si = 0.14% (weight) 


Heat treatment 

1 Kto 

Forged 



Annealed: 700®, 3 hr 



Cooled :t 

—26®. 2 hr and —29®. 1 hr 



—70®, 7 hr: -76®. 4 hr; —78®. 2 hr 



-168°. 3 hr and -186°, 1 hr 



•Korn 0.116; 28* ^ 1 ^ 71.6*. a« - 1.78. 



t Cooled for sucoesalTe consecutive periods to temperatures below those 
Indleated; s.^., in fourth ease the specimen was cooled below — 70^ for 7 hr» 
below ~70*C for 4 hr, and below —WC for 2 hr. a total of 13 hr. 



Nickel steels (®®) 

Alloys of low carbon steel and 
commercial nickel. Wt. % of 
impurities of steel = 0.09 C, 
0.288 Cu, 0.31 Mn, 0.03 P, 0.26 
S, 0.11 Si; of Ni = 0.29 C, 4.2 


Cu, 1.25 Fe, 0.36 Mn, 0.17 

0.15 Si. 



“Ni,” 

1000 Kio 

Wt. % 

A* 

Cf 

0 

410 

410 

5 

320 

302 

10 

268 

255 

15 

218 

214 

20 

176 

192 

23 

171 

188 

25 

130 

192 

30 

83 

188 

31.5 

78 

167 

33 

81 

134 

36.6 

81 


40 

86 


60 

151 


80 

236 


90 

304 

a 

100 

349 



• Annealed from 900®C. 
t Precooled to — 190®C. 

Ferro-nickel (3) 

Ni = 26, C - 0.27% (weight); 
Kt == 0.181, i = ? 

Fe-W 


Tungsten steel, (*®); cf. Fig. 2 


% c = 

0.3 

1 0.6 

0.6 


A* 

A* 1 

Qi 

% w 


1000 iC 


0 

467 

422 


0.6 

419 

374 


1 

411 

360 

343 

2 

402 

350 


3 


356 

280 

6 

390 



6 

387 ; 

356 

238 

10 


332 


15 

324 

309 


20 

270 

276 

182 

26 

221 

231 

167 


* Annealed from 900®G. 
t Quenched at 1100®C. 

Ir-Pt («) 


%Pt 

XlT 

Kioo 

0 

0.690 

0.666 

80 

0.176 

0.176 

86 

0.234 

0.247 

90 

0.310 

0.314 

100 

0.690 

0.711 

K-Na (•«) 


Equi-atomio mixture 


-16 • 

Kt 

0.296 6 

-10 

0.292 8 

H- 6 

0.229 1 

20 

0.243 1 

30 

0.249 Z 

40 

0.267 Z 


Bftn-Ni (1®®) 


Ni 

a:«o 

10 

0.092 

30 

0.106 

40 

0.096 

60 

0.092 

70 

0.155 

80 

0.176 

90 

0.310 

100 

0.686 


Pb-Sb (i®») 


Sb 

Ko4 

0 

0.347 

10 

0.263 

20 

0.230 

30 

0.218 

40 

0.213 

60 

0.202 

60 

0.202 

70 

0.197 

80 

0.188 

90 

0.202 

100 

0.202 


Pb-Sb 

Pb « 87, Sb = 13 (»®) 


t' 


Kt^ 

a 

0 

248 



248 



4-3. 66Z 


Pb-Sn (»o») 


Sn 

Ku 

0 

0.348 

10 

0.360 

20 

0.372 

30 

0.385 

40 

0.414 

60 

0.465 

60 

0.489 

80 

0.644 

100 

0.632 __ 


Pb-Sn 

Pb = 38, Sn - 62 (»«) 



1" 

Kt. 

a 

0 

180 



180 

420 


4-1. 67Z 


Pb-Tl (»®®) 


Tl 

Kot 

0 

0.347 

10 

0.284 

20 

0.261 

30 

0.226 

40 

0.201 

50 

0.201 

60 

0.226 

70 

0.269 

80 

0.322 

90 

0.376 

94 

0.402 

96 

0.364 

98 

0.385 

100 

0.440 
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Pd-Pt (»®) 


Pt 

Ku 

0.67 

10 

0.66 

20 

0.44 

30 

0.40 

40 

0.38 

60 

0.37 

60 

0.34 

70 

0.36 

80 

0.42 

90 

0.43 

100 

0.70 



Pt-Rh (6) 


Rh 

K„ 

K\00 

0 

0.690 

0.711 

10 

0.302 

0 . 306 


Sb-Sn (»05) 


Sn 

K,, 

0 

' 0,201 

10 

0. 188 

20 

0.176 

30 

0.197 

40 

0.213 

60 

0.268 

60 

0.306 

70 

0.352 

80 

0.398 

100 

0.628 


Sn-Zn, t = ? (98) 


Zn, Vol. % 
0 

29.81 
46.17 
63.05 
76.66 
87 22 
91.07 
100 


Ky 

1.045 

0.933 

0.886 

0.779 

0.745 

0.674 

0.657 

0.628 


Sn - 92, Zn - 8 (16) 


t' 

t” i 

Kr 

a 

0 

200 

0.590 

+0.425 s 

200 

440 

0 . 230 

+2.5 / 


Tl-Sn (105) 


Sn 

0 

10 

20 

30 

40 

46.6 

50 

53.8 

60 

70 

80 

90 

100 


0.439 
0.301 
0.255 
0.259 
0.289 
0.330 
0.372 
0 385 
0.418 
0.436 
0 486 
0 . 557 
0 . 632 
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NON-METALLIC LIQUIDS 

For glasses, see p. 229 and Vol. II, p. 315 

The data pertaining to the thermal conductivity {K) of liquids 
arc of such a character that it is very difficult to determine from 
them the -orrect value of K, and its tem^rature coefficient for any 
liquid. The data for water are the best; for the U^mperaturc 
coefficients of other liquids we rely almost exclusively upon a 
single observer (^). For only 16 liquids (Table lO-I, p. 227) is it 
possible either to set useful limits between which K probably lies, 
or to determine a reliable value for the temperature coefficient of 
K. Having decided upon the values for these liquids the data for 
other liquids which have been determined relatively to these are 
adjusted accordingly. Similarly, in estimating a value of K for 
a liquid which has been studied by a single observer, his data an* 
modified in accordance with the way in which his data for liquids 
which had been studied by others departed from what scorned to 
be the appropriate values. The grade of the observations, or the 
degree of confidence with which the data here given should be 
accepted is indicated qualitatively by the letters A, B, C, O. A 
denotes a pronounced consensus of opinion; B that the value w 
supported by at least one strong observer; and />, that no great 


confidence should be placed in the value.' 

Several expressions relating K to other properties of the liquid 
have been proposed. Some, such as K < cij, arc incqualitiM 
which seem to be too pronounced to be of practice value (* )• 

An equality, which was early proposed, is constant, 

where c = specific heat, d — density, M = molecular weight- 
In the absence of reliable data for K and c, it is not known whether 
the relation is valid (i» 34, 35). A third relation, involvinfS 

(c) the velocity of sound and Co ( translational energy of a mole- 
cule of ideal gas at VK) is A - 2e^/&\ where 5 = mean 
between centers of adjacent molecules. Taking 6 * (m/ » 

where m ^ mass of one molecule, results approximating c 

to those observed are obtained, see Table 6. 
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Tabus 6. — Compaiuson of Observed {K) with Computed (Ac) 

Conductivity (^) 

Ke m 2eov((i/m)^ 


Unit of 0 *= 10* cm/sec; of == 10** cm *;of A, if* = 10 * 

watt/(cm *C); e -= 30‘’C. 


Formula | 

Substance 

V 1 

(d/m)^^ 

if. 

if 

H»0 

Water 

1.50 

10.4 

630 

601 

CS, 

Carbon disulfide 

1.18 

4.61 

219 

159 

CH4O 

Methyl alcohol 

1.13 

6.00 

274 

211 

CtHiBr 

Ethyl bromide 

0.90 

3.97 

, 145 

120 

c,Ha 

Ethyl iodide 

0.78 

3.81 

121 

111 

C,H*0 

Ethyl alcohol 

1.14 

4.74 

218 

180 

C,H*0 

Acetone 

1.14 

4.00 

185 

179 

CjHsO 

Propyl alcohol* 

1.24 

3.94 

197 

154 

C4H10O 

Butyl alcohol* 

1.05 

3.49 

149 

167 

CiH.oO 

Ethyl ether 

0.92 

3.19 

119 

137 

C4H„0 

Isoamyl alcohol 

1.24 

3.13 

157 

148 


• Kt computed for n-propyl and isobutyl alcohols, and K observed for iso- 
propyl and n-butyl alcohols. 


Two formulae have been proposed for computing the conduc- 
tivity of a binary liquid mixture. One (21) is (vi -{• Vi)K’* = 
viK* -f t^jif J, where ui, tf* are the volumes of the pure constituents 
and n is a constant which depends upon the constituents. The 
other, proposed by the compilers, is new and is easy to use if a 
table of hyperbolic sines is available, v. (3» 28, 29). It is if sinh 
100m - ifi sinh piM + if* sinh pjM, where pi and pi are the per- 
centages, by weight, of the constituents and m depends upon the 
constituents, and the temperature. Satisfactory data for testing 
the formula are available for only 6 mixtures, for these it fits well 
within the limits of experimental error; for values of m. see Table 7. 
Table 7. — Thermal f^ONDucnviTY of Binary Liquid Mixtures 

A'. 90®C (12. 20, 21) 


K sinh (100m) "= ifi siuh piM H- Kt sinh pip; 0 = degree of 
confidence (see p. 226). 


Constituents 

IOOmio" 1 

G 

Water-ethyl alcohol 

1.34 

B 

Water-methyl alcohol 

1.30 

B 

Water-glycerol 

0.40 

C 

Water-acetic acid 

0.90 

C 

Methyl alcohol-ethyl alcohol 

0 48 

B 

Glycerol-ethyl alcohol 

0.98 

B 


In general the formula K - ifw(l — ap) represents the con- 
ductivity of aqueous solutions, p = grams of solute per 100 g of 
solution, if* 3* conductivity of pure water at the same temper- 
ature, and a( * depression coefficient) is a constant depending 
upon the solute and probably upon the temperature. In certain 
cases (notably HCl) the linear relation is not applicable, and for 
some dilute solutions one observer finds if > Kv> and increases 
with the concentration (see Table 8); additional observations are 
desirable. For aqueous solutions containing two solutes, in general, 
ap * aipi -h atps. (See Table 11.) 

Table 8.— Illustratxno Exceptional Variation of Thermal 
Conductivity with Concentration: Aqueous 

Solutions ('•) 

For these solutions if > if* and increases with the concen- 
tration (C). Accuracy very low, degree of confidence = D. 


Unit of C * 1 g-equiv. /liter; of if = 10“* watt/(cm ®C); 
tabular values are if ; t “ 9®C. 


'~SoIute ~ ^ 

0 

0.0001 

1 

0.001 

0.01 

1 

0.1 

1 

CtHCliOx, trichloroacetic 
acid 

510 

618 

611 

678 

1 

725 

810 

H|B0», boric acid 

610 

613 

519 

663 

684 


KCl,* potassium chloride... 

610 

511 

666 

637 

726 

740 


Table 9. — Thermal Conductivity of Liquids under 

Pressure (^) 

Quantity tabulated is r, es 1000 KpjKa where Kp == conduc- 
tivity at temperature i and pressure P, and if* = conductivity at 


temperature t and 1 atm. 

Unit of P = 1000 kg/cm* = 967.8 atmosphere = 14 223 
lb. /in*; grade == C (y. p. 226). 


For- 

mula 

Substance"" — — 

2 

4 

6 

8 

10 

12 

^ t 

HjO 

Water 

1113 

1210 

1293 

1366 

1428 

F* 

30 

CS, 

Carbon disulfide 

1310 

1512 

1663 

1783 

1880 

1962 

30 

CH4O 

Methyl alcohol 

1342 

1 

1557 

1724 

1864 

1986 

2097 

30 

CjHiBr 

Ethyl bromide 

1327 

1517 

1657 

1768 

1858 

1928 

30 

C2H5I 

Ethvl iodide 

1232 

1394 

1509 

1592 

1662 

1724 

30 

CiHeO 

Ethyl alcohol 

1363 

1574 

1744 

1888 

2014 

2122 

30 

C,H*0 

Acetone 

1315 

1511 

1659 

1786 

11900 

1 

F* 

30 

CaHsO 

Isopropyl alcohol 

1352 

1^70' 

1743 

1894 

12028 

2150 

1 

30 

C4H,oO 

n-Butyl alcohol 

1307 

1495 

1648 

1780 

1900' 

2008i 

1 

30 

C^HioO 

, Ether 

1509 

1800 

2009 

2177 

2322, 

2451 

30 

CaH.i 

n-Pentane 

1483 

1777 

1987 

2163 

1 

2325 

2481 

30 

CsHitO 

Isoamvl alcohol 

1320 

1524 

1686 

1828 

1955 

2069 

30 

CtHb 

Toluene 

1286 

1470 

1604 

1716 

F* 


30 


Petroleum ether 

1460 

1752 

1970 

2143 

2279 

2379 

30 

HjO 

Water 

1123 

1225 

1308 

1379 

1445 

1506 

75 

CSj 

Carbon disulfide 

1366 

1607 

1789 

1935 

2054 

2154 

75t 

CH40 

Methyl alcohol 

1365 

1601 

1785 

1939 

2072 

2191 

75t 

CjHbBr 

Ethvl bromide 

1390 

1609 

1772 

1907 

2022 

2121 

75t 

CiHil 

Ethyl iodide 

1265 

1442 

1570 

1671 

1767 

1837 

76 

CiHeO 

Ethyl alcohol 

1400 

1650 

1845 

2007 

2152 

2278, 

75 1 

C»H,0 

Acetone 

1326 

1554 

1738 

1891 

2024 

2137 

1 

75 1 

C.HgO 

Isopropyl alcohol 

1399 

1638 

1812i 

1962 

2093 

2211 

75 

C4H,oO 

n-Butyl alcohol 

1358 

1559 

1720! 

1859 

1985 

2009 

76 

C4H,«0 

Ether 

1518 

1814 

2043 

2231' 

2394 

2637 

76t 

C4H,, 

n-Pentane 

1534 

1855 

2112 

2335 

2543 

2740 

76 1 

C*Hi,0 

Isoamyl alcohol 

1348 

1557 

1724 

1868 

1998 

2126 

76 

CtH. 

Toluene 

1365 

1573 

1738 

1872 

1987 

2089 

75 


Petroleum ether 

1466 

1780 

2026 

2232 

2409 

9661 

1 

76 1 


Kerosene 

1314 

1502 

1654 

1792 

|1925|2054 

75 


* Freetefl under thia presaure. 

t Roils at 75®C and 1 atmosphere, but liquid at pressure of a few 100 ka cm»; 
Ka obtained by extrapolating the (Kp, P) graph. 

Table 10. — Thermal Conductivity (if) of Pure and of 

Miscellaneous Liquids 

For conductivity of solutions, see Table 11; of binary mixtures, see 

Table 7 

Section I contains all liquids for which the data are of grade A 
or B; see p. 226; Section II contains pure organic liquids, grades 
C and D; Section III contains miscellaneous liquids. For change 
in K on fusion, see CrHtN, CioH«N, CioHuO, CaCU.6HsO, Na»- 
HP04.12H,0. 

K, *= ifto [I -h a(t — 20)], 0® < < < 80®C; the true value of ifto 
is t)elieved to lie between “Min.” and “Max.” G = grade of the 
data; t = centigrade temperatures; M. P. = melting point, ®C. 
Only for liquids in Section I are values of “Min.,” “Max.” and 
a given. 8 = solid; I = liquid. 

Unit of if - 10"* watt/(cm °C) =* 100 erg/(cm sec ®C) = 
2.389 X 10"* cal,i/(cm sec ^^C); of a « (1®C)."‘ 


I. Liquids: grades A and B (v. p. 226) 


Formula 

SubstAnce 

/Tiol 

Min. 

^ Max. lOOOa 1 

a 

\ Lit. 

HtO 

Water 

&87' 

1 

1 

680 ; 

1 

696 

+2.81 

A 

(4, 14, 14, to, 

*•»»•); V. 

(4, 7, 10, It, 

»•) 

CSt 

Carbon dlaulfide 

1611 

1 

U5 

1 

176 

-1.18 

B 

(<»•. (•» 
le, 14) 

CH4O 

Methyl alcohol 

200 

1 1 
1 1 

200 

220 

-0.63 

A 

(4. e, 10, If), cf. 
(•. *») 


DfttA at variance with thoae of other obaerven, e/. Table 11. 
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Table. 10 — (CorUinutd) 


Formula 


Subatance 


CiH,0 

Ethvl alcohol 

182 

172 

199 

1 * V w va 1 

-0.71 

r vs 1 

A 

C,H,Br 

Ethyl bromide 

121 

100 

130 

-0.99 

B 

CtlUl 

Ethyl iodide 

in 

90 

12) 

-0.33 

B 

C.H.O 

Acetone 

179 

160 

190 

-1.34 

B 

CiHiO 

Isopropyl alcohol 

153 

140 

170 

-0.24 

B 

CaHiOi 

Glycerol 

• 

290 

275 

310 

+ 2.62 

A 

CiHioO 

n-Butyl alcohol 

168 

140 

200 

-0.50 

B 

CaHioO 1 

1 

1 

Ether 

138 

120 

145 

-0.47 

B 

1 

CiHit 

n- Pentane 

136 

no 

150 

1 

-1.03 

B 

CiHnO 

Isoamyl alcohol 

148 

120 

160 

-0.38 

B 

CiH, 

Toluene 

160 

140 

190 

-1.44 

B 


Petroleum ether 

131 

120 

160 

-0.71 

B 


Kerosene 

161 

130 

170 

-1.46 

B 


Lit.j 


(4, II, 14, 10, 

»•): cf. (4. 7, 

10, 1 1, 23, 34) 

(*h cf. 

(«); c/. {«) 

( 4 » 0 ) 

( 4 . 0 ) 

(#, 20, 31, 35, 
»•); cf. (7. 10 , 

22, 23, 34) 

(*) 

»); cf. (*o. 
24, 3$) 

(M:c/. (•) 

(4): cf. »») 

(4, 0, 17, 30, 38) 

(<): cf. (10, 34) 
(*); cf. (4, 24, 


II. Pure organic liquids: grades C and D {v. p. 226) 


Formula | 

Substance 

1 < 

1 Kt 

\o 

1 Lit. 

ecu 

Carbon tetrachloride 

0 

no 

c 

(»);c/. (3S) 

c,cu 

Tetrachloroethylene 

22 

126 

c 

(30) 

CHCl, 

Chloroform 

12 

138 

D 

(34, 35) 

CH 2 O 2 

Formic acid 

12 

271 

D 

(35) 

CaHiBr} 

1, 2-Dibromoet‘hane 

21 

118 

C 

(30) 

C 2 H 4 CU 

1, 2-Dichloroethane 

20 

158 

C 

(30) 

C,H 402 

Acetic acid 

20 

172 

C 

(20, 35) 

CiHeOa 

Glycol 

0 

265 

C 

(») 

C,HeO 

Acetone 

20 

179 

B 

(4, ») 

CiHiOa 

Ethyl formate 

12 

169 

D 

(35) 

CiHeO, 

Methyl acetate 

12 

171 1 

1 

D 

(”):«/. (”) 

C,H402 

Propionic acid 

12 

173 

D 

(35) 

CiHrBr 

Propyl bromide 

12 

126 

D 

(35) 

C.H 7 CI 

Propyl chloride 

12 

136 

D 

(35) 

CJItI 

Propyl iodide 

12 

111 

D 

(35) 

COIaO 

Propyl alcohol 

0 

167 

C 

(9):c/. (3*) 

C 4 H 4 NS 

Allyl isothiocyanate 

12 

170 

D 

(35) 

C4HgO, 

n- Butyric acid 

12 

163 

D 

(35) 

C4HgO, 

Isobutyric acid 

12 

157 

D 

(35) 

CJLO, 

Ethyl acetate 

19 

174 

C 

(30); c/. (". 

35) 

CgHiOs 

Propyl formate 

12 

162 

D 

(35) 

C4H«Br 

Isobutyl bromide 

12 

134 

D 

(35) 

C4H,C1 

Isobutyl chloride 

12 

134 

D 

(»») 

C 4 HJ 

Isobutyl iodide 

12 

106 

D 

1 

(35) 

C 4 H 10 S 

Ethyl sulfide 

12 

153 

D 

(15) 

C4HioO 

Isobutyl alcohol 

12 

157 

D 

(IS) 

C»HioOt 

n-Valeric acid 

12 

152 1 

D 

(15) 

CgHioOi 

Isovaleric acid 

12 

147 

D 

(15) 

CiHioOi 

Methyl butyrate 

21 

168 

C 

(30); cf. (35) 

CgHioOt 

Propyl acetate 

12 

152 

D 

(35) 

CgHiiBr 

Amyl bromide 

12 

118 

D 

(S5);c/. (11) 

CJIiiCl 

Amyl chloride 

12 

136 

D 

(35) 

CgHxJ 

Amyl iodide 

12 

104 

D 

(35) 

CiHijO 

n-Amyl alcohol 

0 

144 

C 

(0) 

CiHtiO 

Dimethylethyl carbinol . . 

0 

124 

C 

(0) 

CiHgBr 

Bromobenzene 

12 

129 

D 

(35) 

C»H»C1 

Chlorobenzene 

12 

143 

D 

(35) 

CaHiNOj 

Nitrobenzene 

12.5 

158 

C 

(•) 

C.H« 

Benzene 

20 

170 

D 

(», 11, 34, 

35). 

CiHtN 

Aniline 

0 

180 

C 

(9. 35); c/. 

(*») 

CaHiiOs 

Isocaproic acid 

12 

142 

D 

(35) 

CjInO, 

Ethyl butyrate 

24 

166 

C 

(35) 


Formula | Substance 

C4H13O2 rMethyl valerate 


C.H 14 

CtHjN 


Hexane 

p“ToIuidine (M. P., 45®C) 


CtHuO, 

CtHuO, 

CtHu 

C.Hio 

C.H10 

CsHibOj 

C.Hi. 

C 1 H 10 O 3 

C.H ,.03 

C4H1.03 

C10H9N 


Amyl acetate. 
Ethyl valerate 


Heptane . 
o-Xylene . 
m-Xylene 


Isobutyl butyrate 

Octane 

Ethyl benzoate 

Isobutyl valerate 

Amyl butyrate 

a-Naphthylamine (M. P., 
50**C). 


CioHu 

C 10 H 14 O 

CioHjoOj 

CiiHuOj 

CijHioOi 


Cymene (p-methylisopro- 

pylbenzene) 

'fhymol (M. P., 13®C).. . 

Amyl valerate 

Isobutyl benzoate 

Amyl benzoate 


4 
26 
38 
51 
64 
12 
20 

4 

21 

21 


18 
4 
32 
21 
18 
25 
41 
52 
62 


12 
12 
13 
121 
21 
23 


142 

159 « 
138 s 
121 I 
1131 

143 
149 

141 

156 
155 

144 

157 

160 

137 

142 
163 s 
146 s 
1171 
1171 

132 
150 s 
131 1 

138 
144 
141 


lit. 

(*®); 

«) 

D (»»13) 

C (30) 

C (30) 

C (30) 

C (30) 

D («);c/. (II) 
C (»0); c/. (II. 

35) 

Z> (13) 

c (»);c/. (Ii)t 

C (0.30);c/. 

(”)t 

C (30) 

D (13) 

D (II) 

C (30) 

C (30) 

C (30) 

C (30) 

C (30) 

C (30) 

D (3S);c/. (II) 
D (3) 

D (3) 

C (30) 

C (30) 

C (30);c/. (II) 


III. Miscellaneous liquids 


Formula 


Substance 


i 


Kt G 


Lit 


CaCla.6HaO} 


Na2HP04.12H*0 


Calcium chloride (M. 24 
P., 29°C). 30 

41 

Disodium phosphate 24 
(M. P., 35‘*C). 32 

39 
49 

Olive oil I 4 


627 s 
4771 
4431 
548 s 
514 s 
5021 
4771 
175 


D I (30) 


C (30) 


Castor oil 4 

Poppy oil 4 

Turpentine oil 12 


181 

169 

127 


C 

C 

D 


See also Vol. II, 
p. 151 


Sweet almond oil. ... 4 177 D 

Sesame oil 4 175 D 

Lemon peel oil 6 170 D 

Peanut oil 4 168 D 

Nutmeg oil 4 156 D 

Copaiba oil 4 115 D 

Canada balsam 4 115 D 

Kerosene See section I 

Petroleum ether See section I 


Tar ("Holzteer”)... 
Vaseline 


79.5 

135 

15 

184 


D 

C 


(»*• «); 

c/. (3. 

«) 

(31. 33) 
(31, 83) 

(3»);</. 

S. 10) 
(33, 33) 
(33, 33) 
(3. 34) 
(33, 33) 
(33, 33) 
(33, 33) 
(33, 33 ) 


(•) 

(30); ef. 

(»<) 


• In deriving Kt, the values for alcohol and toluene were oonjdderad. 
t In deriving Kt, the value for w-rylene waa considered. 
t In deriving Kt, the value for toluene was conaiderwl. 
f Part of the apparent change on fudon may be dtw to a 
experimental errore pertaining to the measurement of « in solid and In q 

phaae. 
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Table 11. — Thbbbal CoNDUCTmrr (K) or AQtTBotjs Solutions 

K “ Kw{l — 10“*aj)), Km — conductivity of water at aame 
temperature as applies to p grams of solute per 100 g of solu- 
tion. In section II, computed conductivity is JC* — Km [1 — 10“* 
(aipi + the a*B being those given in section I. Data are 

relative to the following values for water: Xit.i 583, /Cm » 587, 
Ktt ■> 606.8, unit is 10~* watt/ (cm ®C). For exceptional solutions, 
tee text and Table 8; 6 » grade of the data (p. p. 226). 

Unit of JC - 10-* watt/(cm ®C). 


I. One Solute 


Solute 


K 


It 


I 0 


Lit. 



I 


III. Sea w ater ('«>); ( - 17.6°C; grade C jv. p. 226) | 


pi 

0 

1 

2 

3 

3.6 

4 

K 

583 

569 

563 

660 

668 

667 


* Kui for NHi. d ■■ 0.907 f/om*. f Can# •ugar. % Sodium acetate, f p* \ 
crams of total salts per 100 c of sea water. 
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(S«) Leee, 69. 191;399;08. (>> ) Leesr 5, 49e 286; 00. <») Lorberg, 8, 14 : 201 ; 

81. (**) Maohe and Taccer, 76, 116: 1106; 07. (*4) Melmer, 76, 110: 269; 
11. (SS)ManerandChattoek.8. 49M6;99. (>«) Nuaselt, 580. 96 : 477, 490; 

16. Sluginov, 65, 19 : 466; 91. 6i, 1:406; 92. {**) SmUktonian Matk- 

tmaiieal Tablet. Waehincton, D. C., Government Plinting Office. 
(S*) SmilAsonian Phptieal Tables. Waabincton, D. C., Govtfnment Printing 
Office. d 

(>«) Stankevie, 487, 1990 : 383. <»i) Streit, />«•., Zorich, 1910. (»*) Wachs- j 

muth. Leipaig. 1892. 8,48:168:92. (>«) Wachsmuth, 85. 9 : 79; 01. J 

(*«) Weber. 8, 10: 103, 304, 472: 80. (»») Weber. 78, 1899 : 809. 498, M: , 

116; 86. (*•) Weber. 8, 11: 1047; 03. 

GLASSES 

See also Vol. II, p. 101 and errata sheet 


Many of the best measurements of the conductivity of glasses 
have been merely incidental to the measurement of some other 
quantity; in such cases the exact composition of the glass has not 
been known and the kind of glass has been indicated only vaguely. 
The two observers (3» * *) who have especially studied the variation 
' of K with the composition, have not used the most convincing 
methods for measuring K. Consequently, for values of K for 
glasses of known composition, we must rely on the work of a 
single observer, but his values receive considerable support from 
the observations of others who have less precisely defined the 
character of their glasses. 

Tablx 12. — Thbrmal Conduc tivi t y {K) or Glasses of Typical 

Compositions 

Value of temperature coefficient is uncertain; it is probably 
> 0 (9>^f •» 9| t4). 

OC — ordinary crown; BC = borosilicate crown; PPC — 
potash phosphate crown; BPC « baryta phosphate crown; 
HLS “* heavy lead sand; OF *= ordinary flint; HF = heavy flint. 

Unit of A* a KT* watt/ (cm ®C); composition is by weight; 
grade C (v. p. 226). 
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Table 13. — CoNTRrouTivE Thermal Conductivities 

Oxides in Glasses (3); c/. (*3) 

100 K = Oipi -f Ojpt -f . . . Onpnj K = thermal conductiv- 
ity of the glass, p„ = percentage by weight of oxide “n.” [For 
other formulae, see (3i 13, 19).] 

Example: Typical flint glass, 46.4% PbO, 45.1% SiO,, 0.6% 
NatO, 8.0% KiO; hence, 100 it* = 518 X 46.4 -f- 1320 X 46.1 + 
294 X 0.6 4- 250 X 8.0 = 85 714; K = 857 of the units of the 
table = 857 X 10“^ watt/(cm '^C) = 0.00857 watt/(cm ®C), 
which agrees well with critical value of Table 12. 

Unit of Op/100 = lO"** watt/(cm °C) = 2.389 X lO"* calu/fcm 
sec ®C); « = 45^C. 


Oxide 

0 

I Oxide 1 

0 

P,0. 

979 

AKO. 


As]Oi 

-5606 

* 4'-' • . . ♦ 

MffO 

1 vo^ 

Sb,0, 

118 

# . . 

CaO 

1 00 ^ 

SiO, 

\ * * w 

1320 

BaO 

oxtu 

PbO 

518 

Na^O 

904 

ZnO \ 

504 

KiO 

260 

B,0, 

837 

1 


LITERATURE 

(For A key to the pcriodicalB see end of volume) 

(I) Din*, 60, 9: 461; 69. (*) Eucken, 8, 94: 186; 11. (>) Focke. 8, 67: 132; 

69. (4) Georgiewaki, 6$, 18: 609; 03. (») Hoeht. 8, 14: 1008; 04. f«) 

Kroger. 8, 8: 919; 01. (») Lees. 88, 191: 481; 92. (•) Lee*. 6, <8 : 286; 

98. (•) Lece, 81, 191: 399; 98. 

<*0) Meyer, 188, 1898: 41. 8, 14: 696; 88. (>*) Niven and Geddca, 6, 87 : 636; 

12. (»*) Oddone, Si, 81: 286; 97. (*») Paalhorn, />»«., Jena, 1894. ('*) 

Peirce and Willson, 85, 14:. 3; 98. (* •) Tadokoro, 158, 10: 339; 21. (»•) 

Veneke, 188. 1891: 121. (>7) Veaely. /OO. 44: 441;‘n. (»•) Voigt, 188, 

1898: 166. 8, 84 : 95; 98. (*•) Winkelmann, 8, 87: 160; 99. 

<>'*) Winkelmann, 8, 87 : 794; 99. (* * ) Winkelmann and Schott, 8, 81 : 730; 94. 

CRYSTALS 

The isothermal surfaces surrounding a single, constant, point 
source of heat in the interior of a crystal of any type are coaxial 
ellipsoids of constant axial ratios, provided that the distance of 
the surface of the crystal from the source is great as compared with 
that of the isothermal surface. The thermal conductivities (a, 
B, C) along the several principal axes of these ellipsoids are pro- 
portional to the squares of the lengths of the semi-axes. These 
are the principal conductivities of the crystal, and the surface 

“7 + ^+ *;; “lie called the thermal ellipsoid of the material. 

ABC 

In the mathematically most general case there are certain rota- 
tion coefficients (®^), but these have never been found in any 
actual crystal; gypsum, dolomite, apatite, and erythrite have 
been carefully examined for them (®3, 64, 75) j for these crystals 
they are certainly <0.05% of A, Hence the conductivity of a 
crystal is completely spccihed when the values of A, B, and C and 
the orientation of the thermal ellipsoid with reference to the crystal- 
line axes are known, tlie conductivity along any ^ axis of the thermal 
ellipsoid being equal to the square of the length of that semi-axis.* 

If A = B = c, the crystal is thermally isotropic; if A « B ^ c, 
it is uniaxial, the axis being in the direction of the c axis, if A 
B ^ c ^ Ay the thermal ellipsoid has two, and only two, central 
circular sections, and the crystal is thermally biaxial, the direc- 
' tions of the axes being the normala to these sections. If, of 
A, B, c, the one of intermediate value is less than the average 
of the other two, the crystal is said to be thermally -f, in the 
contrary case it is — ; in the former case the thermal ellipsoid is 
prolate, in the latter it is oblate. 

By convention, the crystallographic axes of a crystal are denoted 
by the letters a, 5, e, ii three; if more than three, the interchange- 
able ones are denoted by ai, ai, . . . If there is a unique axis, 

* Not merely bIodr a principal axis. 

• For an experimental test by directly meaaurinc oonductivitiee other than 
principal ones, Mt). 


that 18 taken as the c axis, except iif the monoclinic system, where 
it is the 6 axis. When the crystal is in its normal position, c is 
vertical and the plane including c and the line of sight either 
includes the o axis or bisecte the angle between two interchange- 
able a axes which are not mutually perpendicular. If a 7^ 6 ^ 
c 7 ^ a and axes are mutually perpendicular (orthorhombic sys- 
tem) the axes are always so chosen that o < 6, and usually so that 
a < 6 < c; a is called the brachy-axis, b the macro-axis. In the 
monoclinic system, b is the unique axis, c is the inclined axis which 
is parallel to the prismatic faces; the normal orientation of the 
crystal is such that a elopes downwards towards the observer. 
When there is uncertainty regarding which faces belong to the 
prism, a standard work on mineralogy should be corsulted. The 
acute angle between c and a is denoted by /3. 

In the triclinic system c is the axis parallel to the prismafic 
faces (same uncertainty as before), usually a < 6, and the orienta- 
tion is such that the a axis slopes downward towards the observer. 
The angles between the positive directions of the axes are denoted 
hy a, 7; a = Z6c, 0 = /ca, 7 Zab. 

Table 14. — Type and Orientation of Thermal Ellipsoid 

Optical and 
thermal 
character 


Crystal system 


Thermal axes and orientation 


Cubic 

Trigonal 

Tetragonal . . . 

Hexagonal 

Orthorhombic 

Monoclinic. . . 


Triclinic 


Isotropic 

Uniaxial 


Biaxial 


Biaxial 


Biaxial 


A == B = C 

A = B ^ c; c coincides with e. 
If A =0 B < c, crystal is .+ ; if 
A “ B > c, it is — . 

A ^ B ^ c ^ A; A, Bf c coincide 
with a, by c. 

A ^ B ^ C ^ a; b coincides 
with by C la that one of the 
other axes which is nearest to 
c; 8 » Zcc measured in direc- 
tion of Zca, 

A ^ b ^ c ^ a. For no crys- 
tal of this system have the 
thermal properties been com- 
pletely investigated; for im- 
portant work on CUSO4.5H1O, 
see (*^). 


Relations 

Thermal . — There is some indication {see Table 16) that K <* T"* 
if T > 25°K: in region 20®K to 25®K, K increases rapidly as T 
is reduced; diamond, however, shows little change until T is small, 
and then seems to decrease markedly. Until additional obser- 
vations have been made we can do no more than assume that K 
holds approximately over ordinary ranges of T (34» 28, 2S). 
Cn basis of same observations, it has been suggested that the smaller 
the number of atoms in the molecule of the crystal and the higher 
the melting point the greater is K. At their melting points, 
crystals of di- or tri-atomic molecules have approximately the 
same K (24). 

Light . — In specimens of Se which are electrically sensitive to 
illumination, the thermal conductivity is increased by illumi- 
nation, but much less than the electrical. The effect is difficult to 
detect. It is claimed that the effect increases with the wave- 
length of the light and decreases with the temperature (4» 4S, ss» 

«). 

Electrical . — It is claimed that the higher the electrical, the 
lower the thermal conductivity, and that whatever increases the 
former reduces the latter, (For thwretical treatment, see (*2).) 
On the other hand, for any single crystal it is maintained that as 
the orientation changes, the reciprocal of K varies linearly with 
the electrical volume resistivity (**). 
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MaQf^iie . — No unifonn agreement between direction of maxi- 
mum K and that of maximum mJ in oaloite they coincide, in gypsum 
they do not (^i); For effect upon Bi, see note, Table 

16 (section I). 

Mechanical . — No data for effect of a pure strain; for effect of 
longitudinal compression of SiO*, sec note, Table 16 (section III); 
for negligible effect of torsion on Al, see note, Table 16 (section I). 

Theoretical Relations 

As the quantum theory has developed, several relations con- 
necting K with certain atomic constants have been proposed (*®» 
17, 18, 23). Unfortunately, they can not be satisfactorily tested 
until more data are available. The type of formula is illustrated 
by the following expression for K, which is based Upon consider- 
ations of the oscillation of the atoms in the spacedattice (*^): 

where n * a numerical factor depending on the character of the 
space lattice; fco = Boltzmann's gas constant (1.37 X 10““ erg 
deg.“^); V = frequency of one of the lines in the “rest-strahlen” of 
Rubens; N number of atoms per unit area perpendicular to the 
direction of flow of heat in the crystal; a = “centered di^nce” 
between two neighboring atoms in the direction of flow of heat; 
h = Planck’s constant (6.664 X 10“” erg-aec); T absolute 
temperature. 

Table 16. — Tehermal Conductivttt op Cbtstals 
For position of axes, see Table 14 

X, C principal conductivities, G = grade of accuracy {see 
p. 226); S ^ chemical symbol; t = temperature, ®C; Hex, Mon, 
Rho, Tri, Tet denote the crystal systems hexagonal, monoclinic, 
orthorhombic, trigonal, tetragonal. The crystals are arranged in 
the table in accordance with the usual scheme except '.hat all 
crystals containing Si have been grouped together under the Si 
position, and of these, all containing Al have been grouped under 
the SiAl position. 


T.^lb 16. — {Continued) 

Unit of A, B, C - i watt/cm - lO^cgs * 10»erg/(cm sec 
®C) « 0.239 cal/(cm sec “C). 

I. Elementary substances 



• A twist of 1.04® per cm produce* no obange >0.1 %. 

t Magnetic field {H) - 4980 gauae, normal to e, Increaaee a/c by 26.8 % (44). 
t Diamond. { Graphite. 


II. Compounds: cubic crystals, t * 0*C; G = D\ 

A = S *= C = X 


Formula K 

Lit. 

TICI 

TlBr 

0.00978 

0.00815 

0.0109 

0.0110* 

0.0103 

o.iost 

0.0697t 

0.0111 

0.0696^ 

0.0602 

0.00654 

(28) 

(28) 

(28) 

(28) 

(28) 

(*«): Cf. (*«) 
(»«); <^. (70, 76) 

(*<) 

(24, 28, 28) 

.(»•) 

(*«) 

AeCl 



A^Rr 



CaF^ 

NaCl 

NaOlG, 

KCl 

KI 

KCr(S04)».12H,0 


4 

• Cerargyrite, hornailver. f Fluorite, t Halite, rock aaJt. f Sylrite. 


III. Compounds: non-cubic crystals 


Formula 


H,0* 

(NH*)H,P04 

(NH*)H»A804 

Sb,8, 

Sbi(Pb, Cui)iS« 
Bi.(Te, S).t 
C0(NH,), 
C4H10O4 

Ci*Hj»Oii 

SiOs; V. also p. 106 


Substance 


ZrSi04 

(Zn, Mn),Si04t 
NiSiF4.6H,0 
(Al silicates) • 

AlitSifFioOsif 
Al.B,8i4HuO,i1[ 

Be,Al,Si,Oi, 

(Mg, Fe),(Al, Fe),4Si„H40..f 

(Mg, Fe)iAl,Si,HsO,8t 

Ca4Al4Si40,4tt 
Ca4(Al, Fe)48i.0„.H,0 
Ca7R*Al,Si.O,4t 
(Nai, Ca)Al,Si40,t.6H,0 


Ice 


Stibnite 

Boumonite . . 
Tetradymite 

Urea 

Ery thritol . . . 
Cane sugar. 
Quartz $ 


Zircon . . . 
Troostite 


Mica (biaxial) II 
Mica {ea. uniax 

Topaz 

Tourmaline .... 


Emerald . . . 
Staurolite . . 
Penninite . . 
Scapolite. . . 

Epidote 

Vesuvianite 
Chabazite . . 


1 System 

Optically 

A/c 

1 B/C 

1 . 9 

1 G 

1 Lit. 

Tri 


< 1 


% 


(3, 26); (68) 

Tet 

— 

1.28 



C 

(40) 

Tet 

1 

1.42 



€ 

(40) 

Rho 


0.47 

0.29 


C 

i**);<^ (**> •») 

Rho 


0.60 

0.58 


C 

(36); (61) 

Tri 

1 

much > 1 

1 

1 


D 

(38) 

Tet 

+ 

0.79 

1 


D 

(40) 

Tet 


1.14 



C 

(«) 

t 

1 

X 



D 

(» 9 ) 

Tri 

+ 

0.675t 



B 

1 

(7,24,20,33,34, 
38, 42, 47, 80, 
61, 76); cf. (26, 
86) 

Tet 

— 

0.81 



C 

(34, 38) 

Tri 

+ 

0.73 


1 

c 

(34, 38) 

Hex 

+ 

0.86 

1 


c 

(40) 

Mon 


5.84 

6.30 

V. B. 

c 

(*♦) 

Mon 


6.29 

6.00 

V. 8. 

c 

(*«) 

Rho 

a 

0.94 

0.95 


D 

(^) 

Tri 


1.35 



D 

(36, *6); cf. (66, 
61, 60, 60) 

Hex 

— 

0.81 



C 

(7, 34, 38, 61) 

Rho 


0.94 

0.81 


C 

(*«) 

Tri** 


1.35 



C 

(34, 38) 

Tet 

— 

0.71 



C 

(34, 38) 

Mon 


0.87 

1.18 

+ 14.6 

C 

(*«) 

Tet 

— 

0.90 



D 

(7, 34, 38, 61) 

Tri 

+ 

0.97 



D 

(34); (38) 
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III. Compounda: non-cu bic crystals. 
Substance I System | Optically 


Nephelite. . . . 
Orthoclase. . . . 
Phenacite. . . . 

Ilvaite 

Tremolite .... 
Hornblende. . . 
Eudialyte .... 
Apophyllite. . . 

Rutile 

Octahedrite. . . 

Celestite 

Casaiterite 

Matlockite ... 
Phosgenite. . . 
Anglesite 

Pyromorphite . 

Wulfenite 

Smithsonite. . . 
Zincite 

Calomel 

Cinnabaritc. . . 

Argyrodite. . . . 
Rhodochrositc. 
Hematite (red) 

Ilmenite 

Pyrrhotite 

Siderite 

Corundum 

Giobertite 

Mesitite 

Anhydrite 

Gypsum 


{ Contin ued) 

A/C 


Apatite 

Calcite 

Aragonite 

Ca Cu acetate 

Scheelite 

Parisite 

Dolomite 

Barite 


0.90 

1.01 

0.57 

0.64 


1.17 


1 


I Lit. 

(«) 

(»«); (»«. «) 

(«) 

(*«) 

{»<), 

(«) 

(34, 3«) 

(”); («) 

(7, 34, 33, SI) 

(34) 

(7, 34, 33); 

( 31 ) 


1.30 


+ 


+ 


+ 


+ 


Formula 
NaeKiAlsSigOj.f 

KAlSiiO, 

Be^io/ l | O.ea | o.oo I 4U 

CaFeiSi40,«.Ht01I 
CaMgiSi40i* 

Ca(Mg, Fe),Si^Oi,t 
Nau(Fe, Ca)6(Si, Zr),C10i,1I 

ICsCaaSiic04i.l6H20 

TiO, 

TiO, 

SrS04 
SnOa 

PbaClaO 

PbaClaCO, 

PbS04 

PbSa04.4H,0 
PbioPeCltOa4 
PbMo04 
ZnCOa 
ZnO 

Hd(NH4)4Cl, 

HgaCla 

HgS 

Cu(NH4)2Cl4.2H,0 

AgiGeSe 

MnCO, 

FeaO* 

FeTiO* 

FeyS* 

FeCO, 

NiS 04 - 6 Ha 0 
AlaO, . 

MgCO, 

MgPt(CN)4.7H,0 
MgaFe(CO,), 

CaS 04 
CaS04.2H,0 

CaS,0,.4H,0 
CaioP«(F, Cl)aOa4 

CaCOs 

CaCOi 

CaCu(CiH|Oa)4.8HaO | Ca Cu acetate | Tet [ -f- 

CaW04 
CaCejF aCtO#^ 

CaMg(CO,)a 

BaS04 I Barite | Rho | | 1.13 | 1.05 

KHaP 04 
KHtAs04 

K4CdCl4 I I Hex | -|- 

2KNa(N04)4 + K4Fe(CN)4 

* Thermal eoaductirity of atnale eiyatale of ice haa oot been studied: indirect evidence (especially from orientation of crystals) indicate < ^« but e*o ftreno 
catiinate of macnitude of a/c (•• *•); e/. (••). 

t Compoeition variable. In vesuvianite, Rt » Cai, (AlOEOt. (AlOiH)*. or Ht. Hornblende contains A1 and Na. 

t For ao*. .414 - O.OW (*<• *»3 »•. 4*, TO), cf. (i4. ?•), ^yade B; Fe>0». Ato - 0.14S (»•). grade C; Caldte. Cm - 0.0418 (4*3 *•); «/. (*<• ••), «rade Bi 

CifHtsOii, not cubic, oonduetivity In direction not sUted - 0.0068 at 0*C (*♦), grade D. 

I Ratio .i/c is increased by preoaure H to e-aais and diminished by pressxire X to e-axis; change in a/C (preos\ire not stated ) amounted to about 10 %(•*)} </• 

I Tlieee mieas not clearly defined. Conductivity (undefined mica) in direction J. plane of cleavage — 0.0057, f •• 60^ (*•); r/. (••). 
iGompodtion variable and doubtful. Parisite contains La and Dy. 

•• Perhaps strietly monodinie. ft Contains Fe. Na, Cl. U # varies from +4* to -4* 


D 

(38) 

C 

(»») 

D 

(»«) 

C 

(«) 

€ 

(34, 38) 

C 

(35) 

D 

(38) 

D 

(38) 

D 

(^®) 

C 

(35, 01) 

C 

(35) 

C 

(«) 

C 

(»») 

D 

(»») 

B 

(7, 33, 34, 33); 



D 

1(35) 

D 

(38) 


0.89 

0.42 


+ 17 


0.92 

0.85 

0.84{ 


< 1 


(«); cf. («♦) 

(40) 

(»*); •*) 

(40) 

(34, 38) 

(»^) 

(34) ; cf, (Itf 
61) 

(40) 

(7, 33, 34); (f, 
(76) 

(7, 34, 38, 43, 6 I 4 

7®); cf. (»«) 

(^*);cf. (’) 

(40) 

(35) 

(35) 

(7, 34, 38); ef. 

(78) 

(34); c/. (7, 33) 

(40) 

(40) 

(«•) 

(40) 
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Table 16.— Thhbmal Conductiv rnr (K) or Cetstals; Variation with Temperature 
It been suggested that K varies as T~^; compare the values of Kr/Krrt with those of 273 fT^ which are given in last line of the 
table. T -• absolute temperature, ®K. Grade = D {v. p. 226). 



Formula 


r 

c 

Diamond (1) 

Cubic 


1.06 


0.85 


ggl 

• 

(2) 


1.08 


1.02 


KSI 


(3) 


1 

1 

1 

1 


0.89 


(*») 

CiiHtsOii 

SiO. 

Cane sugar 

* 



1.35 


1 

(*«) 

Ouartz ( D ! w alao D. 106 

c 

0 66 


1 44 


3.60 

(*♦) 


A, B 

0.77 


1 39 


3 39 

(*<) 


(2) 

A, B 

1 

1.35 


2.89 


'(28) 


(3) 

J 

A, B 


1.26 


2.74 


(28) 

CaFs 

GaCOi 

Fluorite 

Cubic 

0.77 


1.46 


3.77 

(24) 

Calcite 

Af B 

0.83 


1.34 


3.68 

(*^) 

NaCl 

H&lite 

Cubic 

0.69 


1.50 


3.82 


NaClO, 

KCl 

Na chlorate . 

Cubic 



1.41 



(24) 

Svlvite (1) 

Cubic 

0.71 


1 49 


3.00 


(2) 


1.43 


2.61 


(24) 



273/T = 

0.732 

1.893 

1.400 

3.106 1 

3.289 1 



* Direction is not stated; crystal is not cubic. 



Substance* (**) 

T = 

23.1 1 

23 

22.3 1 

22 

21.9 

1 21.6 1 

1 21.4 

21 

c 

Diamond (2) ' 

Cubic 






1 


0.709 


(3) 








0.483 

SiOs 

Quartz (2) 

A, B 




33.0 


35.2 


39.4 

(3) 

A, B 


29.5 

32.5 


34 4 


36.8 


KCl 

Sylvite (2) 

Cubic 

7.02 



7.46 


1 


8.40 



273/T = 1 

11.82 

11.87 

12.24 

12 41 

12.47 

12.64 

12.76 

13.00 


^ Continuation of preceding portion of table, same specimens. 
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FREE AND FORCED CONVECTION OF HEAT FROM 

IN GASES AND LIQUIDS 




SHAPE 


Chester W. Rice 


The data are here correlated on the film theory which assumes 
that the hot body is surrounded by a stationary film of fluid 
through which the heat is carried entirely by conduction. By this 
approximation the convection loss from bodies of simple geometric 
form, under widely different fluid conditions, can be computed by 
means of a few convenient equations. Such a correlation seems 
more needed at the present time than a plurality of complex 
equations giving a more exact representation of specific experi- 
mental conditions. When the effects of such specific conditions 
need to be considered, the original sources should be consulted. 

For the method of correlation and summaries of the data used, 
see (' 00 , 101 , 102 ). xhe constants there given for the forced 
convection from cylinders, rough pipes, and large plane surfaces 
have here been revised to include the more recent data 34, ei 
The results obtained for a particular object under given flow con- 
ditions can be strictly applied only to a geometrically similar 
object under geometrically similar flow conditions. The impor- 
tance of this limitation is well illustrated by the wide divergenc_ 
found between the results of different investigators, which is mainly 
due to a lack of complete geometric similarity between the systems 
tested, rather than to errors of measurement. 

The loss by free corweetion is the amount of heat, other than 
that lost by radiation, which leaves a hot body at rest in a large 
expanse of unstirred fluid. The loss by forced convection is th 
heat carried away by a stream of fluid flowing over the hot body. 
Only those cases of forced convection will be considered in which 
the velocity of the stream is large as compared with that of the 
natural free convection currents, so that the free convection loss 
may be neglected. 

Heat transfers which are accompanied by a change of state (as 
between condensing vapors and evaporating liquids) are not 
considered. 

Symbols 

After certain definitions are symbols in [ ]; these indicate in 
each case the relation of the unit of the quantity defined to the 
fundamental units, as explained in the next section. 

A Area of the surface from which the convective loss i 

W,; [/*). 

Experimental exponents depending upon the geo- 
metrical shape of the hot body and the type of 
convection. 

Effective thickness of the film of stationary fluid 
which surrounds the hot body; (f). 

A coefficient, not dimensionless, used in approximate 
equations for convection from large bodies in air. 
Specific heat of the fluid at constant pressure; (Am"* X 

A dimension of reference which serves to define the 
size of the hot body; [l\. 

The dimensionless quantity k/iuCp). 

The dimensionless quantity n/{p\/agD^A{T)) 

The dimensionless quantity tilipDv) 

Acceleration of gravity; [/f"*]. 

The unit of quantity of heat. 

Experimentally determined, dimensionless coefficients 
fixed by the geometrical properties of the system of 
involved and by the type of convection. K 
to both liquids and gases, Kg to gases only. 
Thermal conductivity of the fluid; 

The unit of length. 


a, h 


B 


D 

Pi 

Pi 

Pz 

9 

A 

AT, a:. 


k 

I 


m 

P 

R 


T, Tu Tt 

Ta 

AT 

t 

V 

W. 


Pf T, 4 


e 

M 

p 


Atp 


T\ 


The unit of mass. 

Pressure of the gas. 

Mechanical resistance to the flow of the fluid through 

the pipe; = retarding force per unit of area of the 
pipe; 

Absolute temperature of the fluid, ambient fluid, and 
hot body, respectively; [5], 

Average film temperature, Ta = (Ti -f Tt)/2; [fl. 

Geometric mean film temperature, T^ = y/TxTt\ (tfj. 
Excess in temperature of the hot surface above that 
of ambient fluid, AT = Tt — Ti\ [fl]. 

Unit of time. 

Mean velocity of fluid relative to the hot 

[u-^l 

Total convective loss from area A per unit of time; 

Fractional change in density of the fluid per unit 
change in temperature; [»"*], (For a perfect gas, 
« = Hiz per °C.) 

Exponents used in approximate equation for con- 
vection from large bodies in air. 

The unit of temperature difference. 

Viscosity of the fluid; 

Density of the fluid; 

= A.AT, where k, may be called the effective 




y; 


/? kdT 


average conductivity of the fluid between the temperatures Ti 
and Tt. 

Units 

For any of the equations in this report the units of temperature 
[^1, of heat [A], of length [/], of mass [m] and of time (t] may be 
chosen as convenient, unless the contrary is definitely stated or 
definite units are named, but a choice once made should be con- 
sistently adhered to for all the quantities involved in the equation 
under consideration. The unit of each of the other quantities is 
built up of those named, as indicated in the list of symbols, each 
symbol in ( ) being replaced by the name of its chosen unit, as in 
the following examples. Under these conditions the numerical 
values of dimensionless quantities, such as Fi, Ft, Fj, A, and A„ 
are independent of the particular choice of units for tf. A, m and t 
For example, if the units chosen are ^ = 1®C, A « 1 joule, f - 1 
cm, m = 1 g, and t — \ sec, then the unit of is 1 

joulf lii"* sec"* (°C)“* = 1 watt cm"* (°C)-*, that of Cp (Am“*r*|. 
is 1 joule g”* (®C)”*, of R[nd~H~% is 1 g cm"* sec*^ 1 d 3 aie 
cm"*, etc.; if the chosen units are 9 = i®F, A =» 1 BTU, / <■ I cm, 
m =a 1 lb., and / = 1 sec, the unit of A is 1 BTU cm"* sec"* 
of Cp is 1 BTU lb"* (®F)"*, of F is 1 Ib. cm"* sec"*, etc. The 
numerical values of Fi, F,, F,, K and Kg are the same in each case. 
In all cases in which nothing is said regarding units, the following 
equations are, as they stand, equally valid whatever the choice of 
units for A, m, I and provided the choice is consistently adhered 
to. In certain cases a departure from consistency is allowable, 
but nv 3uch departure should be made without due consideration. 

General Relations 

For both free and forced convection Wt *■ /)log (1+ 2BID) 

for cylinders and tubes, and ^ 

the diameter of cylinder, tube, or sphere. If Z) is great as com- 
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pared with the film thickness B (say, D > lOB), each expression 
reduces to = (AAv>)/B, which also applies to flat surfaces. 
The values of for Air, Hi, Ni, COz and Hg vapor, have been 
given by Langmuir For moderate values of AT (say, for 

AT < lOO^C) and when values of A^are not available, the approxi> 
mation A«> « k^T is used. 

For free convection, B =* KDF^Fl; for forced convection, 
B — KDF^F\. In computing the values of Fi, Ft and F» the 
temperature of the fluid is to be taken as T® = (Ti + Tt)/2 for 
ail cases of free convection and for forced convection when {Ti — 

7*i) is not great (say, for AT < 100®C), and as = -y/TiTi 
for forced convection when (Ti — Ti) is great. For ideal gases 
and for air Fi *= 1.35, and if iCa = 1.35“iC, the expressions for B 
become B = for free, and B = for forced convection. 

For forced convection in pipes, the film theory of convection 
suggests that IT, = ABfc(A7')/t>MF? = ABF;'®Cp(AT)/c which, 
when B is replaced by its empirical expression for smooth pipes 
(•«) and a is taken as 0.5 (see Table 2), becomes We = O.OOOOFi^ X 
Apc«p(AT)[l + 84.8FJ'**J. This should be applicable to gases 
and liquids at all values of v above the critical velocity at which 
the flow becomes turbulent. For ideal gases it reduces to TFe = 

0.00105 Ap«p(Ar)[l -f 84.8F; «]. 

Special BelaHons for Air . — The equations in this section assume 
that the unit of P is 1 atm. and that the units of the other quanti- 
ties are built up from B *= 1®C, h « 1 joule, 1 = 1 cm, m = 1 g, 
and t » 1 sec, in the manner indicated on p. 234, Tand Ta being 
absolute Kelvin temperatures. In general they are not valid for 
other units. They are obtained by substituting in the equations 
already given the following values, applicable to air: = 2.48 X 
(10)-*r*-^Mg cm-‘ sec'S k = 3.45(10)''‘ro ’“ watt cm-H°C)-\ 
p/fi * 0.142(10)*P/r^-^“ sec cm"*, and Cp = 1.03 joule g“*(**C)”^. 
We - {l0)-*CAP^{AT)y/{D*Tl) for free, and We = (10)-*CA X 
(Pp)^(A 70/(B*T*) for forced convection; the factor (10)“* has been 
separated from the C for convenience in tabulation. The value 
of C depends upon the properties of air, the form and orientation 
of the body, the type of convection, and the units in which the 
quantities are measured. For forced convection in smooth pipes 
at values of s above the critical velocity at which the flow becomes 

turbulent. IF,- l0.000375APD(AT)/r,l X[1 +1.35n ‘*V(PI>*')® ”]. 


Table 1. — Free Convection 


If D/B is great, We “ A(A^p)/B; if AT is not great, A^ = 
fcAT. In ail cases B — KDP^Pjj for approximately ideal gases, 
such as air, B — KgDF\. For these equations the units of A, 
I, w and f, may be chosen as convenient, see p. 234. For air only, 
We - (10)-* CAP^{AT)y/{D»Tl), if U great and AT is not 
great; for this equation the units must be as follows: Unit of 
IF, — 1 watt, of A — 1 cm*, of P — 1 atm., of AT — 1°C, of 
B — 1 cm and of T, — 1®K. 1 watt «* 1 joule/sec; 1 joule = 

10* erg - 0.2389 gram calorie (15®C) = 0.0009482 BTU (60^F). 
In the second section of the table, numbers in column headed % 
are the values of 100flF,(riUTrt«i) — lFc(MtaaUt«d)l/lFe<(»iooiMd)* 
The serial number N serves to indicate corresponding items in the 
two sections of the table. 




/> 

a j WS J9 S CS 

1 

1 


Air 


Cylinder, hoHsontaU Diameter 

Cylinder, vertical ( § 

Sphere i| Diameter 

Ribbon, horizontal, plane ver- 
tical^ Breadth** 


7.90.50 1.25 0.25 0.123 

17 0.66 1.33 0 0.415 

8.80.50 1.25 0.25 0.123 


6 Large plane, vertical ft 

7 Large plane, horizontal, face up ft 

8 Large plane, horizontal, face 

down(l$ 

9 Transferbet ween vertical planee|l II II 

N I Type of surface 


1, 2 I Small wires 1 


12 0.501.250 

2.00.50 1.250 
2.60.50 1.250 


1.25 0.25 0.123 
1.25 0 0 


1.30.50 1.250 
1.20 1 . 25 0 


Fluid 


Air 


Small wires, large AT Air, H>, Hg 


vapor 

Small wires Air, Hi, CO» 


Small wires in liquidztt CiHtN. CCI*, 

CiHiOi, C7H1 

Wire *. Air 

Large cylinders Air 

See aUo (*» •» •» *•» »•» •<» tz, is4) 


1 P 

1 % 1 

Ut. 

0.6 to 2.25 

- 6 

(**) 

1 

- 5 

(•I) 

1 to 150 

±10 




•D 


± 5 

(*•) 


0.1 to 1 


+ 10 («) 

- 6 (*••) 


Large vertical cylinderfS 

See aleo (**» 7*) 

Spherea, D - 15, 20, 30 cm 

Sphere, D = 4 cm 


Air 


± 5 (»») 


Air 

Air 


-KW (•*) 


+ 131 (•*) 


See also (*» *** »*); data of (**J are very dizoordant; probably the thick 
coat of lampblack on the small sphere introdaoed an error. 


Disks, D >• diameter » 19.1 




cm 11 11 

Air 

1 

-30 {«) 

Vertical planetlT 

Air 

1 

+ 16 (»»> 

Vertical plate*** 

Air 

1 

-10 (»>) 

Vertical plate ttt 

Air 

' 1 

+ 10 (•*> 

Vertical cylindersttt 

See aieo (** ••) 

Air 

1 

1 

+ 8 (»•) 


* Approximately ideal gases, such as air. 

t Good data covering wide experimental range, gazes and liquids; 0.0003 ^ 
Ft ^ 60. 

t This iz a convenient approximation. 

I Only observations available are for one cylinder (D ■■ 17.43 cm) in air. 
As 6 is essentially H, is essentially independent of D, and for oomputati<»al 
purposes D may be given any finite value, conveniently unity. 

II Data are very scanty and for air only. 

Y Rough approximation based on an average of all available data for vertical 
plane surfaces. - 

•• Vertical breadth. 

ft Rough approximation for surfaces at least 100 cm by 100 em and for T« 
equivalent to 75**C ± 60^C. For the sake of obtaining an ex|mMioB which is 
convenient for calculation, dimensional requirements have been vic^ted. Ae 
S ^ 0, D does not enter into the expression for 

n C«R}N • aniline, CaHiOs — glycerol, CtH< «■ toluene. 

H D 17.43 cm.; height of cylinder 28.8 em. 

[)li Polished silver and oalorised oopper: vertical, face up, and faoe down. 

Polished aluminum, 127 om by 127 cm. 

*** Lampblack covered steel plate 24.4 om high and 38.1 em long. 

ttt Lampblack covered steel plate 80 om high and 33.2 em long. 

Lampblack covered; O « 17.43 cm, heights « 4.65, 8.0, 15.2 and 28.8 em 
(c/ - 3). 

Hi No downward projecting edge. Derived from ratio to vertieal surfaces 
(•*). 

Omi Transfer between two planee x em apart (1.27 ^ x ^ 5.08) in air at 
atmospheric pressure. For this range in x, is independent of x and of division 
into oells by horisontal partitions. Based enCirdy on '(**)• 


Table 2. — Forced Convection 

If D/B is great, IF* — A(A^)/B, and if AT is not great, A^ 
kAT. In all cases B — KDF^F\; for approximately ideal gasee^ 
such as air, B — KyDF%. For these equations the units of 9f hy 
If m and t may be chosen a» convenient. For air only, fF« — 
(10)”* CA(Pd)^(aT)/(Z>^TI), if D/B is great and AT i8 notj^reat; 
for this equation the units must be as follows: Unit of 1F« — 1 
watt, of A — 1 cm*, of P — 1 atm., of v = % cm sec-‘, of AT — 
1°C, of B — 1 cm and of T, “ 1®K. 1 watt — 1 joule/sec; .1 

joule - 10» erg - 0.2^9 g cal (15®C) - 0.9009842 BTU (60°F).. 
In the second section of the table, numbers in column headed % 


I 
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Table 2. — (Continued) 

ire the values, of 

1 he serial number N serves to indicate corresponding items in the 
;wo sections of the table. 


Diameter 


Type of. surface 

Cylinder, horizontal, Bow trana- 

verset ' 

Cylinder, horizontal, flow trana> 

verae t • 

Pipe, smooth; approximate! 

Pipe, rough; approximate!! 

Large plane, smooth; approxi- 
mate** 

Large plane, rough; approxi- 
mate** 

Large plane, very rough^l ; appro- 
ximate** 

Type of surface 


Cylinder, horizontal, flow transverse f. . . 
Cylinder, horizontal, flow transveraet* • • 

Pipe, smooth; approximate! 

Pipe, rough; approximate j] . . 

Large plane, limootb; approximate**... . 

Large plane, rough; approximate** 

Large plane, veryrough^Y ;approximate**i 


Gasee and 

liquids 

2.810.4 |0.67l 


Gasee* 

^ I b 

3.15i0.67 


Diameter • 

Diameter 60 0.50 0.83 70 0.83 

t 220 0.60 1.0 256 1.0 


320 0.60 1.0 256 1.0 


160 0.601.0 176 1.0 


110 0.6011.0 128 1.0 


Diameter 

Diameter 

* 

Diameter 

1 

t 

T 

1 


Air 

C I d I < I s 

&.7l0.67l0. 4310.246 


8.1 

U0.60 

0.6C 

0.12 

0.: 

ro.ss 

0.11 

0.71 

19 

1.0 

0 

1.0 

19 

1.0 

0 

1.0 

28 

1.0 

0 

1.0 

38 

1.0 

0 

1,0 


N 

1 . 2 


Type of surface | Kluid | P | % | Lit. 

Small wireeft. Air 1 — 6 (47) 

Small wires Air 1 — 6 (4 4i M) 

Small wires Air 0.6 to 4 +6 (4**) 

Small wires Water; oils ±10 (••) 

Large cylinders 1 —16 (4*) 

Large cylinders Air 1 ±l0 (*4) 

See aleo (*• 4i, i iz, its, lae, ia4, itZ) 

Brass tubes Water —10 (4>*) 

Brass tubes Air 1 -1-20 (•>) 

Copper tubes Water +10 (>14, ilZ)j 

Copper tubes WHter —15 (•**) 

Copper tubes Air 1 +10 (4*) 

Steel tube Water ±30 (*>) 

Tubes Water; oils -10 («) 

Tubes (summary) Water ylO (•*) 

Brass tube Gases 1.6 to 16 ± 6 (^**^4) 

Seealeo (7f **» *«* «7* 4Z* 44, fs, ss, sz, ri, *4, isz, izz, isz, iiT, lai, ia«) 


Rough iubett *... Water 


±10 (>>4. IIZ); 

«/. (•>*) 
±10 (•») 


I Tubes and ducts 1 1 Air J ±10 (**) 

I See aleo (•*» *••) 

* Approximately ideal gases, such as air. 

t Good data covezing wide experitnenlal range in gases and liquids; 0.00002 ^ 
/s 5 3.0. 

t Convenient approximation for large cyUnden. 

. ! For very turbulent flow. More aeourate results for gas e s and liquids are 

given by the equation TF« ■■ 0.0000Fi‘*A^sca(d7^(l +84AFz'**I, which for 

Ideal gases becomes W, - 0.00106Apw;,(A7)U +S4.8F|'”]; choice of units as for 
the equations Involving K and AT#. For air only, * (0.000376APf(A70/Tal 

U + unrts os for the equation in C. AH these equations 

assume that the pipe is smooth. 

I Bou±hness of medium sand; aptnoximation suitable for engineering work. 

5 In this case 6*1, heno4, as F» « a/p Dt, DFs-l^ independent of D, and for 
the computations for the equations in K and Kt, D nky be given any finite value, 
most conveniently unity. Also, ss I * 0, the value of i> is not involved in tbeee 
■peoial equations for air, 

** Based on average results; convenient approximation for engineering work 
when flow is paraUri to surfaoe and the velocity ie high, 
tt Data for V < 100 em/eee have Jiot been used, 
tt Croaeed threads approximately 0.026 cm deep, 
li Duets were built up of laminated iron. 

15 Roughness of ooane sand 
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RADIOMETRY (HEAT AND LIGHT) 


Complete Index 
Radiation constants of perfect 
radiator. 

Radiation by a perfect radiator. 


Index Complett 
Constantes de radiation du 
corps noir. 

Radiation par le corps noir. 


Emisdvity' of selected sub- 
stances and surfaces. 


Pouvoir ^missif de substances 
et de surfaces choisies. 


Gesamt Index Verzeichnis 
Strahlungskonstanten eines 
perfekten Strahlers. 
Strahlung yon einem perfekten 
Strahler. 

Emission besondercr Stoffe und 
Oberfl&cben. 


Indiob Completo Pa<: 1 

Costanti d’irradiazione di 


Ni 


I 


un radiatore perfetto .... 2ii | 
Irradiazione di un radiatore 


Characteristics of selected 
sources. 

Metals: Optical properties. 


Caract^ristiques de sources 
choisies. 

M6taux: Propri^t^s optiques. 


Non-metals: 

Reflectivity: Specular and 
diffuse. 

Transmission, absorption, 
scattering: Total. 


Non-m6taux. 

Reflexion: Sp^culaire et dif- 
fuse. 

Transmission, absorption, 
dispersion: Total. 


Charakteristik besonderer 
Strahlungsquellen. 

Metalle : Optische Eigen- 

schaften. 

Nichtmetalle: 

Reflexion : An polierten Ober- 
fl^hen und zerstreute. 
Umwandlung, Absorption, 
Streuung: Total. 


perfetto 2t'; 

Potere emissivo di alcune 
sostanze e di alcune | 

superfici 2‘-| 

Caratteristiche di alcune ; 

sorgenti 24; 

Metalli: Propriety ottiche. 24 


Spectral absorption : 

Pure inorganic substances, 
air, miscellaneous. 

Pure organic substances 
and solutions. 

Radiation filters. 

Photometric filters. 

Mechanical equivalent of heat. 


Mechanical equivalent of 
light. 


Absorption spectrale: 
Substances inorganiques 
pures, air, divers. 
Substances organiques pures 
et solutions. 

Filtres de radiation. 

Filtres photom^triques. 
Equivalent dynamique de la 
chaleur. 

Equivalent m^canique de la 
lumi^re. 


Spektrale Absorption. 

Reine anorganische Stoffe, 
Luft, verschiedenes. 
Reine organischeStoffe und 
Ldsungen. 

Strahlungs filter. 

Photometrische Filter. 
Arbeits&quivalent der W&rme. 


Das mechanische Lichts&qui- 
valent. 


Non metalli: 

Potere riflettente : Spe- 

culare e diffuse 

Trasmissione, assorbi- 
mento, diffusione: 

Totale 

Spettri d’assorbimento: 
Sostanze inorganiche 

pure, aria, varie 

Sostanze organiche pure 

e soluzioni 

Filtri di radiazione 

Filtri fotometrici 

Equivalente dinamico del 

calore 

Equivalente meccanico 
della luce 
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RADIATION CONSTANTS 



IT 


W. W. CoBLENTZ 


For a perfect (black-body) radiator, the total hemispherical 
radiation (over all wave-lengths) at the absolute temperature T 
IS y ■» cT*; c is known as the Stefan- Boltzmann constant of total 
radiation. The hemispherical radiation included in the spectral 
region (\ - ^d\) to (X + ^dX) is/xdX « CiX"* 

Cl and Ct are known, respectively, as the first and the second 
radiation constants, and J\ as the monochromatic intensity of the 
hemispherical radiation. At each temperature T, there is a wave- 
length X« at which A is a maximum; w{ = X«T) is independent of 
Tf and is known as Wien^s displacement constant; Ci *“ ctWf where 
a =» 4.9661 is a pure numeric. 

8tbvan-Boltzb£ann Constant (<r) of Total Radiation 

J - <rT*; — observed, or reported value; <rp « probable 

value after correcting for reflection, etc. Unit of <r =» 10"® erg 
om“* se c"^ (^K)-« » 6.451 X 10"“ watt in."* (°K)-®. 

Observer 


Kurlbeufp (IS) 

F*ry 

Bauer and Moulin (*) 
Bauer and Moulin (*) 

Todd (»•) 

Valentiner (*•) 

F4ry and Drecq (▼) . , 
FSry and Drecq (») . . 
F6ry and Drecq (») . . 

Bhakespear (>•) 

Ocrlaeh (•) 

Gerlach (•) 

PuoeianU (>•) 

Puedanti (>•) 

Weatpkal (S*) 

Keene (*•) 

CoblenU (>• «) 


Year | 

1 

— ;; — i 

Method 

1808 

6.46 

(?) 

Bolometer 

1000 

e.3 

(?) 

Thermometer 

1900 

6.30 

6.7 

Thermopile 

1010 

6.7 

6.7 

, Pyrheliometer 

1000 

6.48 

6.48 

Qaa*conduetion 

1910 

6.68 

6.08 to 6.76 

Bolometer 

1011 

6.61 

(?) 

Thermometer 

1012 

0.2 

6.68 

Pyrometer* 

1012 

6.67 



1012 

6.67 

6.67 

Emiasivityt 

loie 

6.86 


Pyrbeliometert 


6.80 

6.80 


1912 

6.00 

6.06 

Bolometer 


6.16 

(?) 

Thermometer 

loie 

6.67 

6.67 

Emisaivityt 

loia 

6.80 

6.80 

Thermometer 

1016 

6.72 

6.73 

4 

Pyrfaeliometart 


Observer 

1 Year i 

1 


1 

1 Method 1 

Kahanowics (>*) 

Wachsmuth and Vierbeller 

1017 

6.61 ^ 

a 

6.69 to 6.73 

1 

Pyrheliometert ^ 

X 

(**) 

1921 

6.73 

6.73 

EmiaaivityS 1 

Hoffman (*) 

1923 

6.76 

6.76 

Weetpharsll » 

Kussmann (^ ’) 

Mean value 

1924 

6.79 

1 

1 

6.79 

6.72 to 6.74 

Coblents’a | 


ki 


* Calibrated pyrometer. 

t Ratio of radiance from metal to that from “black-body." 
t Modified Angetrfim pyrheliometer. 

S From blackened sphere. 

If- Modification of Weetphal’s method. 


Wien’s Displacement Constant (w) and the Constant (Ct) 

Spectral Radiation 

A = CiX“® — 1]”^; w =* \mT; observed (recordc 

value; u>e » value^ after correction lor reflection, etc.; » 4.965 

and values derived from isochromatics; Ct — probable val 

{ 14 200 1 
, . denoi 
14 dOO J 

14 200 to 14 600. Unit of w and of Ct «- 10"* cm, ®K = 1^, 


..T 


Observer j Year 


w. 

1 Ci 

Ct 

1 Remarks 

Pasohen (>*).... 

1899 ! 

1 

2 801 

2 801 


14 360 

Fluorite prism 


1 

2 007 

2 907* 

• 


T is questioSed 


1900 

2 021 

2 894 




Lummer and 







Pringsheim (**). 

1900 

2 870 

2 879 

14 290 


Fluorite prism* 



2 876 

2 876 






2 940 

2 882 

14 310 

14 300 


Warburg, ct al. 







(»»-»•)...■ 

1911 



J 

f 14 200 \ 


Fluorite prism 





1 

1 14 600 / 




1912 



J 

1 14 300 1 


Fluorite prism 





1 

1 14 400 J 




1012 



1 14 360 


' Quarts prism i 


J 
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INTERNATIONAL CRITICAL TABLES 


WiEK’s DiSPLACElfENT CONSTANT (w) AND THE CONSTANT (Cj) OF 

Spec tral Radiation.— (C oniintwd) 

Observer 


Warburg. al . — 

(CofU’d) 


Coblents (<# ») . . 


1 Year | 

1 w» i 

w, i 

c; 

I C. j 

1 Remarks 

1913 

2 894 


14 370 1 


Quart! priam 

1916 



14 250t 1 



1916 



f 14 300 1 

14 300 

Quart! prism t 




\ 14 400/ 



1913 

2 911 


14 456 


Fluorite prism 

1916 

3 894 


14 369 


Revised 1 

1920 



( 14 3ir^ 

14 318 

Zero correotionR 




\ 14 326 / 



1921 



14 300 

14 3001 


4 


2 885 

s 

14 320 



Rubena aod 
Michel 

Average value. 

* Temperature scale is questioned, 
t Calibration of prism is questioned. 

% Temperature deduced from Stefan-Boltsmann law. 

I CalibraUon of prism revised and preceding data recomputed 

II Correction for tero setting of bolometer. 

1 Adopted in testing Planck's equation. 
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RADIATION FROM A PERFECT (BLACK-BODY) RADIATOR 

F, E. Fowle 


The following tables, giving the hemispherical radiation (J) and 
the noonochromatic intensity {Jx) of the hemispherical radiation 
of a perfect radiator, have been computed from the values of Ci 
( -3.703 X 10-» erg cm"* sec"*), C,( - 1.433 cm, ®K), and <r{ - 6.709 
X lO"* erg cm^ sec”^ (®K)“<) which have been accepted for the 
purposes of International CMtical Tables. A third table ii ” 
how the values of Jx are affected by changes in the value t 
A line over a number indicates that it is negative. Thus 
(Table 1) at -270®C, J = 6.272 X lO"* » 0.005272. 

The radiator receives radiarion from surrounding bodies. If 
its temperature is T and if it is entirely surrounded by otl 
feet radiators, all at temperature T', its resultant loss of 
by radiation (net hemispherical radiation) will be ly — , 

unit of area. If T = 1273.1‘^K and T' - 273.1'TC, the' net 
hemispherical radiation will be (1600 — 3.2) X 10* » 1497 X 
10* erg cm-* sec-^. {See Table 1.) Similarly for Jx. 


Table 1. — Total Hemispherical Radiation (J) or a Perfect 

(Black-Bodt) Radiator 

/ « ,74 at ^ X 10". ff » 6.709 X 10“» erg cm"* sec-^ (®K)-*. 
T - absolute temperature, ®K; f » centigrade temperature. 
Unit of J — 1 erg cm“* sec”* — 2.389 X 10^ calu cm"* sec"* 
- 0.112 X 10-w BTUw. in.-* sec-* 


t 

T 1 

A 


1 t 

« 

i T 

1 A 

n 



6.71 

9 1 

-180 

1 93.1 

4.289 

3 

-270 

3.1 

6.272 

3 

-170 

i 103.1 

6.451 

3 


13.1 

1.681 

0 

-160 

113.1 

9.342 

3 


28.1 

1.626 

1 

-160 

123.1 

1.311 

4 


33.1 

6.862 

1 

-140 

133.1 

1.792 1 

4 


48.1 

1.970 

2 

-130 

143.1 

2.394 

4 


63.1 

4.639 

2 

-120 

163.1 

3.137 

4 

-210 

68.1 

9.060 

2 

I -no 

163.1 

4.040 

4 


73.1 


3 


173.1 

6.126 

4 


83.1 

1 2.722 1 

a ! 

1 - 90 ! 

188.1 

6.417 

4 


i 


+ 


n 


t 


193 1 

203.1 

213.1 

223.1 

233.1 

243.1 

253.1 

263.1 

265.1 

267.1 

269.1 

271.1 

273.1 

276.1 

277.1 

279.1 

281.1 

283.1 

286.1 

287.1 

289.1 

291.1 

293.1 

295.1 

297.1 

299.1 

301.1 

303.1 

305.1 

307.1 

309.1 

311.1 

313.1 

316.1 

317.1 


7 937 
9.714 
1.177 
1.414 
1.686 
1.994 
2.343 
2.736 
2.820 
2.906 
2.993 
3.084 
3.176 
3.270 
3 366 
3 464 
3.566 
3.668 
3.772 
3.879 
3.988 
4.100 
4.213 
4.330 
4.448 
4.569 
4.692 
4.818 
4.947 
6.078 
6.211 
6.348 
5.486 
6.628 
6.772 


319.1 

321.1 

323.1 

325.1 

327.1 

329.1 

331.1 

333.1 
343^1 

363.1 

363.1 

373.1 

473.1 

673.1 

673.1 

773.1 

873.1 

973.1 

1073.1 

1173.1 
1273 1 

1773.1 

2273.1 

3273.1 

4273.1 

6273.1 

6273.1 

7273.1 

8273.1 

9273.1 

10273.1 

16273.1 

20273.1 

26273.1 
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Tabia 2. — Monochromatic Intensity {J\) of Hemispherical Radiation op Perfect (Black-Body) Radiator 
« Cl — 1]“S T = absolute temperature, X = wave-length of the radiation. Total hemispherical radiation 


Xi to Xt is 


r. 


/xdX. If Cl =»-3.703 X 10-» erg cm* Sec-S Cs = 1.433 cm, °Kand unit ofdX = 1 cm, then/x “AX lO-erg cm-*8ec 

where A and n have the values tabulated below. 1 ergcm“*8ec“* = 2.389 X 10“® calu cm”*8ec“* = 6.118 X 10~*°BTU«o m-~*Bec~' X 
(dX)^, where (dX)«n indicates that unit of dX « 1 cm. For each T the maximum value of Jx is printed in bold face. In column X, 
unit of X “ lu “ lOfA. “ lO"* cm; T ** absolute temperature, ®K. 


T 1 

26 

60 [ 

75 

100 

126 

150 

175 1 

! 200 

226 

250 

X- 1 

A 

n 1 

A 

» 

n 

A 

n 

A 

n 

A 

n 

A 1 

n 

A 

n \ 

A 


A 

^3 

A 

n 

1.0 

3.7 

:^34 

1.3 


4.1 

68 

2.2 

47 

6.0 

35 

1.2 

26 

1.0 


2.8 

^3 

8.1 


4.7 


1.6 

4.9 

152 

4.9 

69 

2.3 

41 

1.6 

27 

3.1 


1.1 

13 

10 

9 

8.8 


1.8 

H 

1.23 

2 

2.0 

3.9 

111 

6.8 

49 

3.8 

28 

8.8 

18 

1.6 


2.1 

7 

1.9 

4 

3.2 


1.72 


4.2 

1 

2.6 

9.9 

87 

6.4 

37 

2.4 

20 

4.8 


4.6 

T 

9.6 

4 

2.27 

1 

1.36 


3.26 

2 

4.2 

3 

3.0 

1.6 

To 

5.0 

29 

3.3 

15 

2.7 


3.8 

4 

2.26 

T 

2.12 

1 

6.5 

2 

9.2 

3 

7.7 

4 

3.6 

6.1 

69 

1.9 

23 

1.4 


1.17 

1 5 

4.2 

2 

9.8 


4.8 

2 

9.1 

3 

8.8 

4 j 

6.4 

6 

4 

2.1 

W 

2.8 

19 

6.5 

1 

5 

1.00 

3 

1.29 


1.54 

2 

4.6 

3 

6.0 

4 

4.40 

6 

2.16 

6 

6 

1.9 

38 

1.5 

13 

3.0 

5 

4.2 

1 

1 

1.30 

2 

5.9 

3 

9.1 

4 

7.1 

5 

3.47 

6 

1.26 

7 

6 

i.6 

30 

8.6 

1 10 

7.1 

3 

2.03 

1 

2.40 

3 

5.8 

4 

5.62 

5 

3.11 

6 

1.18 

7 

3.38 

7 

7 

6.1 

55 

3.7 

7 

3.1 

T 

2.84 

2 


4 

2.60 

5 

1.83 

6 

7.87 

6 

2.46 

7 

6.13 

7 

8 

8.6 

21 

3.1 

6 

4.8 

0 

1.88 

3 

6.76 

4 

7.4 

5 

4.05 

6 

1.46 

7 

3 95 

7 

8.75 1 

1 

7 

9 

1.4 

IT 

9.3 

• 

4 

3.8 

1 

7.6 

3 

1.84 

5 

1.55 

6 

7.02 

6 

2.19 

7 

5.30 

7 

1.08 

8 

10 

4.7 

16 

1.32 

2 

1 87 

2 

1 

2.21 

4 

3-89 

5 

2.63 

6 

1.03 

7 

2.87 

7 

6.36 

*7 

• 1 

1.204 

1 

8 

12 

2.7 

11 

6.3 

1 

1.81 

3 

9.7 

4 



5 20 

6 

1 62 

7 

3.81 

7 

7.42 

7 

1.264 

8 

14 

1.1 

8 

8.9 ^ 

0 

8.1 

3 

2.46 

5 

1.92 


7 50 

6 

1.99 

7 

4.15 

7 

7.36 

7 

1.167 

8 

16 

9.8 

T 

6.9 

1 


4 

4.56 

5 

2.73 

6 

9.02 

6 

3.13 

7 

4.06 

7 

6.72 

7 


8 

18 

2.90 

5 

2.39 

2 

4.84 

4 

6.84 

5 

3.36 

6 ; 

9.76 

6 

2.10 

7 

3.73 

7 

5.87 

7 

8.47 

7 

20 

4.14 

4 

6.9 

2 

8.2 

4 

8.95 
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Table 3. — Effect of a Change in C % 

If d/x “ increaae produced in /x by an infinitesimal increase (dCi) in C*, then (dJx) /J\ 

and Cl *= 1.433 cm, ®K, K has the appropriate value tabulated below. . ExampU: If Ci 

X » 2m, /x -4900 (Table 2) and K = 24 (Table 3); hence, if C* = 1 . 434 , (dCi)/Ci * 

-0.017, dJx « -(0.017) (4900) *= -83 and Jx = 4900 - 83 = 4817. Unit of X » 
temperature, ®K. 


“ — ^(dCi)/Ci; for the units of Table 2 
“ 1.433 cm, ®K, then, at 300®K and - 

= 0.0007, (d/x)/A “ -24(0.0007) - 

1m = lO^A « 10“* cm; T >■ absolute 
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12 


9 

8 

□ 

6 

2 


2 

3 

000 

48 

24 

16 

12 

1 


8 

7 

6 

6 

H 

3 

2 

1. 

1 

4 

000 

36 

18 

12 

9 1 

Q 

6 

6 

4 

4 

3 

2 

1 

1 

1 

6 

000 

29 

14 

8 


6 

6 

4 

3 

3 

3 

2 

1 

1 

1 

7 

600 

20 

9 

6 



3 

3 

3 

2 

2 

1 

r 

1 

1 

10 

000 



6 



3 

2 

2 

2 

2 

1 

1 

1 

1 

20 

000 

m 


3 



1 

1 

1 


n 


1 

1 

1 

26 

000 

\ 


2 


^ 1 

1 


1 


jJ 


1 

1 

1 


THERMAL RADIATION FROM MATERIALS AND SELECTED SOURCES OF 

RADIATION 

W. W. COBLENTZ 


For radiation from a *'black-body,'’ see p. 238. 

At wave-length X, the monochromatic intensity of the normal 
radiation of a body is Jmx, where JiixdX » amount of radiant 
energy, having wave-lengths lying between (X — 0.5dX) and 
(X + O.fidX), which the body emits in a direction perpendicular to 
its radiating surface per unit of time, of surface, and of solid angle; 

M I /«xdX is the normal intensity of the total radiation of the 
Jo 

body. If the emission satisfies Lambert’s law, as is the case for 
the substances here considered, the hemispherical intensity of the 
total radiation is J tJh » total emission per unit of time and of 
area, and the monochromatic intensity of the hemispherical 
radiation is /x ™ vJ»x> If the corresponding quantities for a per- 
f^ radiator (black-body) at the same temperature be indicated 
by Jh and Jxt, and if ex ■* Jx/Jxk and //(, then ex and et are, 

respectively, the monochromatic and the total emissivity of the 
body. If Jtf ~ value of the hemispherical intensity of the total 
radiation of a black-body at such a temperature that it has the 
same color as that of the body considered, sw “ J/J* is the color 

emissivity of the body; and if e« « a: •fxdX^ -*■ /x»dx^* 

where Xi and Xt mark the limits of visible spectrum (about 0.4 m an^ 
0.76m), ie the visible emissivity. The Crova wave-length m 

that at which j Usually the quantities directly 

o bse rv e d are •f.x and Jmt and Jx and J are computed from them 
on the assumption that Lambert’s law is vahd. 

Tabia 1. — Monochbomatic E^hssivitt («x) of Elbmentabt 
Substances ane Ozzdbs: TEifFERATURE of Fubion(*) 

A micropyrometer was used. 

- 0.01 - 1%; of X - 1m - 


Assumes Ct 14 460 micron ®C. 
s » Bohd, 1 » liquid. Unit of ex 
0.001 mm - 10000 JL 


. X - 1 

0.56 

t 0.65 1 



0.66 

Bsrmbol 

1 « 

1 1 1 

1 • 

1 

1 Symbol 

9 

/ 

9 

1 

Ag* 




MM 

Cr 

63 

1 

39 

39 




14 


Cu* 


aJ 

10 

16 

B# 

61 

81 

61 

mtM 

Er 



66 

38 

Cb 

61 


49 

40 

Fe 



37 

37 

Co 


1 

36 

37 

Ir 



30 



X = 

0.56 

0.66 

1 X - 

0.66 

0.66 

Symbol 

8 

1 

a 

/ 

Symbol 

9 

1 

9 

/ 

Mn 



59 

69 

BeO 



37 


Mo* 



43 

40 

CbO, 



71 


Ni.. 

44 

46 

36 

37 

C 01 O 4 



77 

63 

Pd 

38 

1 

33 

37 

OtsOi . . • • . 


1 

60 


Pt* 

38 

1 

33 

38 

Fes04 



63 

63 

Rh 



29 

30 

MnaOi* . . • 




47 

Th 

36 


36 

40 

NiO 



89 

68 

Ti 

76 

76 

63 

66 

ThOi 



67 

69 

u ■ ■ 

77 


64 

34 

TiO, 



62 

' 61 

V 

29 


36 

32 

U.Oi 



30 

31 

w* 


1 

39 


v,o, 



69 


Yt 

1 


36 

36 

Yt,0, 



61 


Zr 



32 

30 





• 


* Se4 aUo Table 2. 


Radiation 


Au, Cu, Mo, Pt, and W 
ex, and e» * monochromatic, color, 


and total 

emissivity, respectively. X « wave-length; s, f - solid, liquid; 
M. P. “ melting point; Jx *■ monochromatic intensity of hemi- 
spherical radiation; J » hemispherical intensity of total radiation ; 
t. T ^ temperature, ®C, ®K(ab 8 olute). Unit of sx, “ 


0. 01 » l%;of / 

A«,Kquid* (*•) 


1 watt cm"*; of X — 1 mM * 19"^ 0°^ 

Liquid 


An(»») 


1 - 

1050* 

iiir 


949 * 

1051* 

1057* 

1177* 

i -i 

X 

\ 

1 

1 ^ 

•X* 

1 -x* 1 

X 

500 

8.17 

9.48 

475.0 

495.1 

53.1 

50.3 

47.3 

600 

525 

J8.49 

9 . 0 a 

518.5 

49.6 

43.4 

625 

550 

6.06 

8.27 

541.8 

87.1 

39.0 

550 

575 

7.76 

7.74 

554.9 

gTTtl 

84.7 

ErTfl 

ESI 

7.17 

7.58 

589.5 

22.9 

WTiwm 

■SI 

525 

5.97 

7.87 

514.9 

17.4 

25.3 

63S 

550 

7.22 

7.30 


14.4 



575 

Ed 

7.41 

571. a 

11.5 



700 

6.66 

7.21 

icmr? 

10.3 

1S.4 

ESI 

(*) 


M. P.i 

(*) 

M.P.« 

IC.P.1 


650 

<35 

<35 


<88 

<88 

i#l 

550 

4 

7 


14 

22 



Co, SoUd (*•)_ 
Ml* I 1035* 


lOW* 1174* 



38.0 
35.5 
30.8 
33.7 

17.3 

18.0 

10.4 
0.5 
7.7 

M.P.^ 

38 
10 


rr 

81.0 

25.7 

30.1 

U.4 

n.i 

0.4 


’37.4 

33.0 
20.8 

25.1 
21.0 

17.1 

14.8 

12.8 
10. S 

1 C.P./ 


40.2 

34.0 
28.5 

24.4 

10.7 

15.7 

14.5 

18.0 
12.4 
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850 

12 I 13 


950 1000 (»*•») 
15 17 


Pt, (Jx) (») 


t = 
1481° 


(Continued) 


1625 


Pt, total emissivityt (^) 


Mo (*•), assumes €% - 14 330 micron deg.; M. P. of Au == 1336°K 

I 665 1 Visible | Color | Total I _ \TdJ 

fdT 


273 

300 

400 



1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

2600 

2800 

2805 


42.5 

42.4 

42.1 

41.5 
40.9 

40.3 

39.8 

39.3 

38.8 

38.3 

37.9 

37.5 

37.1 
36.8 

36.5 
36 3 


42.0 
41.9 

41.5 

40.6 
39.8 

39.0 

38.2 

37.5 

36.7 

36.0 

35.3 

34.7 

34.1 

33.6 

33.1 

32.8 


39.3 

38.6 
37.9 

37.3 

36.7 

36.2 

35.7 

35.2 

34.8 

34.4 
34 2 


36 1 

34.7 
33.3 
32.1 
30.9 

29.7 

28.7 

27.7 

26.8 
26.0 
25.5 


9.6 

12.1 

14.5 
16.8 
18.9 
21.0 

23.0 
24.8 

26.5 

28.1 
29 0 


0.55 

1.43 

3.18 

6.30 

11.3 

19.2 

30.7 

47.0 

69.5 

98 

116 


5.32 

5.23 

5.16 

5.10 

5.04 

4.99 

4.94 

4.90 

4.86 

4.83 

4.81 


Mo, at M. P. and X - 650; solid, cx = 43; liquid ex = 40 (i) 


Pt, intensity {J\) of monochromatic radiance; unit of 7x — 

(arbitrary) (3) 


1056 


1174 


1216 


1271 


1353 


646 


757 

836 

934 

1054 

1197 

1357 

1526 

1698 

1868 

2033 

2190 

2410 

2546 

2801 

2921 

3037 

3150 

3367 

3569 

3760 

4031 

4446 

4638 

4827 

5001 

5168 

5486 

6240 


11.52 

26.79 

52.46 

85.60 

126.7 

166.4 
176.9 

188.5 

187.8 
176.2 

158.6 

141.1 

115.1 
103.4 

94.76 

84.61 

77.10 

70.93 

64.64 

50.80 

40.09 

35.78 

29.50 

28.30 

25.20 


16.49 

31.19 

66.86 

101.7 

167.2 

234.8 

276.2 

289.2 

287.0 

276.9 

253.9 

225.4 

197.4 
152.6 

139.4 

123.1 

116.9 

99.78 
89.82 
75.19 
67.03 

47.78 
42.84 
38.06 
34.00 


26.52 


31.51 

55.73 

101.3 
200.1 
319.5 

459.1 

603.1 

680.4 

676.1 

646.0 

617.7 
548.3 

462.0 

399.7 

321.7 

284.2 

262.0 

232.1 
211.6 
178.0 
149.6 

121.2 
96.99 
84.12 
74.64 
62.53 
56.00 
40.39 
27 61 


36 42 
55.02 

105.0 
212.6 

339.9 

494.1 

615.6 

692.1 
682.0 

658.3 

614.1 

659.9 

469.1 

408.1 
313.0 

279.3 

255.4 

235.9 
202.3 

174.7 

155.6 

125.7 
96.80 
85.05 
72.13 

64.46 
67.26 

48.46 
30.59 


34.92 

65.60 

107.8 

201.6 

314.0 

425.0 

514.2 

569.8 

567.6 

528.1 

492.3 

441.5 

380.2 

350.0 

251.2 

224.2 

206.9 

191.0 

158.3 

137.7 

120.0 

103.6 
74.86 
65.90 
56.93 
50.40 
46.92 
36.32 
25.12 


1442° 

43 

30 

118 

4 

187 

9 

293 

6 

501 

1 

772 

1 


1141 

1395 

1544 

1560 

1409 

1302 

1135 

1014 

835.8 

712.2 

538.8 

464.3 
426 6 
384 5 

328.1 
283 5 

252.2 
198.5 

147.2 
129 3 

111.4 
101.1 

88.60 
75.35 
41.72 



589 

646 

698 

757 

836 

934 

1054 

1197 

1357 

1526 

1698 

1868 

2033 

2190 

2410 

2546 

2801 

2921 

3037 

3150 

3367 

3569 

3760 

4031 

4446 

4638 

4827 

5001 

5168 

6486 

6240 

6852 


37.38 126.0 
94.80 257.1 


154.6 

237.3 

382.4 


348.9 

549.5 


162.4 

295.0 

461.9 

724.7 


581.9 1176 
859.2 1639 


830.3 1064 
176 1436 


1073 

1217 

1225 

1143 

1047 


932.4 1238 
830.3 1156 

699 . 8 869 

624.0 811.4 

444.8 599.6 

394.0 530.5 

364.0 460.0 

318.8 432.5 

270.8 358.0 

238.5 292.9 

■206.0 265.0 

168.8 225.1 

123.8 152.0 

105.0 140.0 
•92.60 125.3 

80.22 105.0 


1639 1815 

1840 2096 

1929 2226 

1901 2140 

1728 1885 

1528 1676 

1238 1442 

1156 1279 

869.0 1015 


75.79 

61.34 

35.811 

22.50! 


90.61 

69.20 

38.66 

25.64 


841.7 

640.6 

563.0 

497.3 

445.6 

362.8 

316.0 

273.2 

217.2 

158.7 

140.8 

114.2 

107.4 
98.79 
78.81 
44.92 
29.28 


300 

350 

400 

450 

500 

650 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1050 

1100 

1160 

1200 

1250 

1300 

1350 

1400 

1450 

1500 




4.11 

4.77 

6.43 

6.06 

6.68 

7.29 

7.90 

8.48 

9.07 

9.61 

10.14 

10.7 
11.2 

11.7 
12.2 

12.7 

13.2 

13.7 
14.1 

14.6 
15.0 
15.5 
16.9 

16.3 

16.7 


Pt, monochromatic 


X 536 

ext (*®) 36 


X 650 

ex (M 38 

( » M. P. 


eob*. 


3.69 
4.10 
4.66 
6 30 
6.98 
6.71 
7.50 
8.25 
9.05 
9.79 

10.52 

11.3 

12.0 

12.7 

13.4 

14.1 

14.7 
: 15.3 

15.9 

16.5 

17.1 

17.6 

18.2 

18.7 

19.2 


emissivity 


647 

34.8 


650 
33 s 
38/ 


b $ 

For platinum black, see Table 4. 


W 


(**), data apply to aged tungsten filaments 


666 |Visible| Color | Total | Crova 


T 


300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 

2400 


ex 


50.5 

50.1 

49.8 

49.5 

49.2 
j49.0 

48.8 

48.6 

48.4 

48.2 

48.0 

47.8 

47.6 

47.5 

47.3 

47.2 

47.0 

46.9 

46.7 
46.6, 

46.4 

46.3 


ex 


47.0 

46.8 

46.6 

46.4 

46.2 

46.0 

45.8 

45.6 

45.4 

45.2 

46.0 

44.8 

44.5 

44.3 

44.1 

43.9 

43.7 

43.5 

43.3 

43.1 

42.9 

42.7 



^b.4 

46.3 

46.2 
46.0 

45.9 

45.7 

46.6 
45.5 

45.4 

45.3 
46.2 
46.0 

44.9 

44.8 

44.7 


39.6 

39.3 

39.1 

38.8 

38.6 

38.3 

38.1 

37.8 

37.6 

37.3 
37.0 

36.7 

36.4 

36.2 

35.9 


ec 


3.2 

4.2 

6.3 

6.4 
7.6 
8.8 

10.1 

11.4 
12.8 

14.4 

15.8 

17.4 

19.2 

20.7 

22.2 

23.6 

24.9 
26.0 
27.0 

27.9 

28.8 

29.6 


T dJ 
j'dT 


607.7 

603.8 

600.4 

697.1 

693.4 

690.2 

587.4 


0.0016 

0.006 

0.019 

0.048 

0.105 

0.206 

0.379 

0.654 

1.072 

1.691 

2.576 

3.82 

5.65 

7.77 


585.0 10.59 

582.6 14.22 

580.6 18.25 
678.5 23.72 
576.9 29.86 

675.3 37.18 

673.7 45.9 

572.4 55.8 


5.35 
5 35 
5.35 
5 35 
5 29 
5.23 
5 15 
5.07 
4.99 
4 91 
4.85 
4.79 
4 74 
4 69 
4.64 
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X = 
T 


467 

cx 


W (>8). — (Conftnufti) 

665 I Viable I Color [ Total | Crova 

I e. I «. I e. X, 


I 

2600 46.2 42.6 44.6 36.6 30.2 671.1 67.6 

2600 46.0 42.3 44.4 36.3 31.1 670.1 80.8 


2700 46.9 42.1 44.3 

2800 45 8 41.9 44.2 

2900 45.6 41.7 44 I 


3000 45.5 41.6 
3100 45.4 .4a . 3 
3200 45.2 41 1 


44.3 35.0 31.8 669.1 96.2 

44.2 34.7 32.3 568.2112.9 

44 I 34 5 32 9 667.4 132.1 

44 0 34.3 33.4 566.6163.9 

43.8 34 1 33.7 666.9177 5 


666.9177.6 


43.7 33. 8§ 34.15 565.2 203 


T ^ 
J’ AT 

4.59 

4.66 

4.51 

4.47 

4.43 

4.40 

4.37 

4.34 

4.31 

4.29 

4.27 


3300 45.1 40.9 43.6 33. 6§ 34.45 664.6232 4.31 

3400 46.0540.75 43.55 33.25 34.85 663.82645 4.29 

3600 44.9540.65 43.45 32.95 36.15 663.13005 4.27 

3656 44. 7540. 25 43. 35 32. 45 33.45 662.1 3605 

W, t = 2000 to 3200°C, ex = 49, same for X = 636 as for 
X = 647; independent of < (»0); others (». **) have found ex varies 
with t. For solid W at M. P., X = 660, ex = 39 (»). 

• Fuaed io H. 

t RaAator waa a Pt wire in a highly evacuated encloaure; «r*io. * 0.751 X 
“ 0.6327’p + 0.670 — 0.607 {Tp)*, where p ■■ resiativity (ohm-em), 

and r - abaolute temperature (®K); «oh.. - obaerved emiaaivity. 

t Between 20®C and 1710®C, ia independent of f. 

i Extrapolated values. 

Table 3. Total EMissiynr (e*) of Oxidized Metals (**) 
Siirfaces were oxidized at t W 600**C; Uni^ of €$ =■ 0.01 « 1% 

Metal I 200^C | 400°C | 600®C 

Ag, Silver 2.0 3.0 

Al, Aluminum* 11.3 i6.3 

Cu, Copper t 18.0 18.6 

Cu, Copper* 66.8 66.8 

Cu-Zn, Brass* 61.0 60.0 

Pe, Cast iron 21.0 

Fe, Cast iron* 64.3 71.0 

Steelt 62.1 64.7 

Steel* 79.0 78.8 

Ni, Nickel* 36.9 42.4 

Ni-Cu, Monel* 41.1 43.9 

Pb, Lead* 63.1 

Pt, Platinum 6.0 8.6 

Zn, Zinc* 11.0 


^ Oxidiaed. t Caloriaod aurfaoe. 

Table 4. — Total Emibsivttt (ai) of pLATimni Black and of 

Lampblack: Variation with Thickness (H) 

Deposited upon Pt. The lampblack was covered with lacquer. 
D» = surface density of the black. Unit of D, *» 10“« g cm“* =» 
0.001 mg cm"*; of e* =■ 0.01 — 1%. Temperature — 100*C. 


3.8 

19.2 

19.0 
66.8 
68.9 

77.7 

67.0 

78.7 

47.8 

46.3 


Pt Black 

D. 1 


37 

160 

224 

267 

286 

327 

412 

599 

827 

942 

1072 

1140 

1897 

3185 


7.8 

12.9 
23.4 
31.1 

46.6 

58.6 

72.9 


Lampblack 
D. 


22 

26 

79 

79 

90 

97 

126 


S| 

33.0 
40.7 

68.0 
64.0 
72.9 
77.6 
82.5 


lABLB 6 .— Efficiency of Coated Sheets as Scn-Shiblds^ aed 
Rsxativi! Emibsivities of Paints and CJoatinob (•) 

While one side (upper) of a sheet was continuously exposed 
norin^y to the sun, the radiation (r) proceeding normally ^m 
the other side Qower) was measured. If r, and r, are simultaneous 
values for two sheets similarly exposed, f,/r, measuiee the relation 
efficiency of the second with reference to the first; if the sheets are 
unperforated Md are good thermal conductors, rt/n is the ratio 
of the emissivities of the two lower surfaces. All sheets were 
approximately at 60°C. Unit of n/n - 0.01 - 1%. 

Sheet 1 Sheeta I 

I PW” I Loww I 

Adwtoi AAmUm I Aibotoi 

r « A ^ 

Bbekt Oxkfised Alpwat 


Iron, 0.6 mint EUek 

Bhck 



A1 peiot 
Oxidbed 

OzidiMd 

Alpnintikl 

LnmpbliA 


Bbck 

Crpnm. 12.7 mmt Unpninted 

Rubber Cloth ' 

Le**heroid** fl) Unptinted Unpuntad 

(^) CJopaintod Uopnistad 

(6) Unpainted Uopaintad 

IXuk 11 Htt Uopaintad Unpaiatad 

l>uek.4Htt UnpaiDtad Uopaintad 

DwAtt (12 H; 4 Uopaintad A1 paint' 

Duekft ri2 H: 4 H)tt Uopaintad Uopaintad 


Uopaintad 
A1 paiot 
Uopaintad 
AJ paint 
Unpabtad 
A1 paint 
Unpain tad 
A] paint 
Uopaintad 
Al^paint 
Uopaintad 
Unpabtad 
Unpabtad 



Unpabtad 


Unpabtad 


Uopaintad 
Ipabt 
npabtad 
tpabt 
I paint 
lad 






* C^omigatad* aabaetoa roofing. Teoperatura b ahade - 20*0; tamperatura of tbaat vHh 
aAeatoi on both eidea - 44*C; aabaatoa upper. A1 lover - 46*C; A1 both aidm - UTC; Zn 
aprayed on both aidea « 66*C. 

t Thiekneaa of aheet t Aaphah pabt i d.. p. « doll, poiiahad. | WUt% vHraooi 
5 BaOooo bbrb. 

** Artifidal leather: fl) Sngb bfario, (3) Doable bhrie endoabg thin layer of mblMr-frietion 
atodL (3)6imikrtof3).batofdo;i^bia>taxturafafarb. AD three were eoatad oo opper aide with 
a blaek, robber eonpQeitio&. 

tt CoUoo duck: 11 Hie 18.05 ea./yd.*; 4 Hia 24.64 oa/yd.*: 12 Hia 11.46 oa./yd.* 

n Sheet 1 U U H ; aheet 2 b 4 H. 

Table 6. — ^Lose of Heat from Vertical Brick Wall (*) 

In atill air at 21*C, the wall, at the surface temperature f, lost 
heat, from one side, at the rate E. E is the same for the natunU 
color (red), for brick coated with Ca(OH)i, and for brick coated 
with lampblack. Uncertainty in I is about 2%. Unit of J? - 
0.001 watt /cm* - 2.39 X lOr* cal cm"* sec"* - 6.12 X 10** 
BTU in."* sec"*. 



47*C 

66*C 

86“C 

131*C 

199*C 

30.8 

61.7 

92.6 

186 

370 



Table 7. — Normal Irradiation (R) by Hefner Standard Lamp 
AND BY Sperm Candle: Distance « 1 Meter 

R — radiant power, per unit area of receiving surface, which 
is received by a surface which is normal to the direction of propa- 
gation of the radiation and 1 meter from the source. Unit of 
R - 10"* watt/cm"* - 2.389 X 10"« cal cm"* sec"* - 6.118 X 
10-* BTU in.-* sec"*. 


89.3 

173 

89.8 

Source 

R 

93.6 

242 

93.1 

1 Sperm candle 

12.1 

94.2 

267 

94.9 

1 Hefner lamp 

10.9* 

94.9 

300 

94.2 

9.6t 

95.3 

332 

94.5 


9.47t 

96.8 

339 

94.0 


9.40t 

96.7 

627 

93.1 


9.43t 


Remarks 


lit 


* No dinpfarngm. 


Amyl acetate, ordinary 
Amyl acetate, pure 
Isoamyl acetate 


t Diapbrngm, openias 14 
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Tiblb S. — MoNocHBOitATic EinsamtTT («x) and Mowocheo- 
HATIO InTBNBITT (Jx) 07 RADIATION 07 WbX^ACB GaB 

Mantlb {*♦) 

Hie mantle contained 0.993 ThOt per 0.007 CeiO»; J\ depends 
upon relative amount of CetOa. ex is computed on assumption 
^at true absolute temTOrature of mantle « 1800^’K. Unit of X 
1m - 0.001 mm = 10*A; <rf /x “ (arbitrary); of ex - 0.01 “ 1%. 


Jx 


22.0 

24.0 

25.8 

34.3 

34.3 


ex 


86 

72 

49 

24 

6.2 

1.9 

1.2 



6.0 

7.0 


A 

«x 11 

34.0 

0.9 

26.5 

0.7 

17.0 

0.9 

7.6 

0.8 

7.0 

1.4 

7.9 

2.7 

15.0 

8.4 


8.0 

9.0 

10.0 

12.0 

16.0 

18.0 


1 

ex 

23.9 

21 

29.9 

39 

27.4 

62 

19.1 

70 

8.9 

79 

6.0 

81 


Tablb 9 . — Monochromatic Intbnsitt (A) or Radiation trom 

A Ctundricad AcanxENH Fi«amx (®) 

The value <rf J\ for a flat flame, whether viewed flatwise or 
edgewise, is different from that for a cylindrical flame. 7^ is the 
intensity of the radiation from a black-body at 2360^K, assuming 
Ct — 14350 micron ®K. Unit of X =» 10“V “ 10"^ cui == 10 A; 
of A * of — (arbitrary); of Jx/J\ = 0.01 =1%. 


A 



3.3 

5.5 

7.6 
9.26 


JJx 


66 

79 


7x 



94.9 

97.4 

100.5, 

99.3 




rA 9 




/I 


M 


iTiTi 


•Ml 


..I 


Mo 

(»<) 


Ni 

(»^) 


Pt 

(»^) 


Ta 

(»^) 


W 

(**) 


Nemst 

glower 

(”) 


• • 




1047 

1137 


I*; 


966 

1068 

1149 






X 

525 

540 

550 

560 

576 

580 

600 

620 

625 

640 


7x 

29.2 
34.6 

88.9 

42.9 
49.8 

62.2 
62.5 
73.3 
76.1 
86.0 


29.2 

34.6 

88.8 

43.1 

49.9 
62.4 

62.9 

74.0 
76.8 

86.0 


A/A 

100.0 

100.0 

99.8 

100.4 

100.2 

100.3 

100.6 

101.1 

100.8 

101.1 



676 

680 

700 

720 

725 

740 

750 

750 


7x 


91.2 

97.6 

107.6 

110.9 
124.1 
137.5 

141.0 

151.0 

157.9 

163.0 



92.1 

98.6 

108.0 

111.3 

124.1 

137.2 
140.5 

150.2 

157.2 
157.2 


101.0 

100.7 

100.4 

100.7 

100.0 

99.8 

99.6 

99.5 

99.5 

96.5 


Table 10. — Monochromatic Intensity (A) or Radiation of a 

Gas-Filled Tungsten Lamp ('3) 

Color temperature ^ 2848®K; efficiency = 15.6 lumen per watt. 
Unit of X =* 10“V 10“* cm = lOOA; of A = (arbitrary). 


40 42 44 46 48 50 52 64 56 

35 45 57.6 73.6 94.0116.5 141 167.5 196 


58 60 62 64 66 68 70 72 74 

224 262 280 307.5 336.5 365 393 421 450 


A * 


X = 

A » 


■•I*. 


(*•) 



Mo 

(»^) 


Ni 

(»^) 


Pt 

(*^) 


1700 

1800 

1900 

2000 

2100 

2200 

2300 



1670 

1766 

1862 

1958 

2064 

2150 

2246 

2340 


2700 




2900 

3000 


1574 

1658 

1741 

1824 

1905 

1986 

2066 

2143 

2220 

2297 

2373 

2448 

2523 


1551 

1634 

1717 

1800 


Ta 

(*^) 

W 

(**) 

1592 

1597 

1680 

1684 

1766 

1771 

1851 

1857 

1935 

1943 

2018 

2026 

2099 

2109 

2180 

2192 

2260 

2274 

2339 

2356 

2417 

2437 

2495 

2616 

2671 

2595 

2647 

2673 


Nemst 

glower 

(**) 


k 


r I 


20 


'•'I 
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Table 1. — (Continued) 



t MoUeo. 
t Solid. 

S Nichrome, chrome!. 


Table 2. — Color Temperatttre Correspondino to True 

Temperatttre {T) (») AND Tablb 1 


T = true absolute temperature, 


T 

C* 

Mo 

Ni 

Pt ' 

Ta 

W 

Nernst 

glower 

1000 


1004 

1020 

1011 


1006 


1100 


1105 

1125 

1116 


1108 


1200 


1207 

1231 

1222 


1210 


1300 

1300 

1309 

1336 

1328 


1312 


1400 

1396 

1411 

1442 

1436 


1414 


1600 

1492 

1613 

1546 

1542 

1632 

1617 

1517 

1600 

1690 

1616 


1649 

1642 

1619 

1631 

1700 

1687 

1720 


1767 

1761 

1722 

1744 

1800 

1786 

1823 


1865 

1859 

1825 

1857 

1900 

1884 

1927 


1974 

1967 

1929 

1968 

2000 

1984 

2032 


2083 

2076 

2033 

2074 

2100 

2086 

2138 



2182 

2137 

2173 

2200 

2187 

2244 



2288 

2242 

2265 

2300 

2288 

2360 



2393 

2347 

! 2346 

2400 


2456 


1 

2497 

2462 

2426 

2600 


2663 

1 

1 

2601 

2557 

2502 

2600 

1 

2672 

1 

1 

1 

2706 

2663 


2800 


2891 



2911 

2878 


3000 






3094 



* Uatreaied carbon filament. 


Tablb 3. — Color Temperature Corresponding to Brightness 

Temperature (Tb) (•) and Table 1 


Ta * brightness temperature, absolute, 


Ta 

C» 

Ct 

Os 

1400 

1414 

1 

1444 

1600 

1615 


1662 

1600 

1616 

1620 

1680 

^ 1700 

1718 

1735 

1799 

1800 

1820 

1862 

1919 

1900 

1923 

1962 

2046 

2000 

2028 

2064 

2168 

2100 

2134 

2161 

2296 

2200 

2240 

2266 

2427 

2300 



2556 

2400 



2688 


i 

* Untreated carbon filament, 
t Treated carbon filament, “Qem.** 


Table 4. Radiation Temperature CoBBESPONDiNa to True 

Temperature {T) 



Table 6. — Brightness* (B) Cohrespondino to T^ue 

Temperature 

T * true absolute temperature, ®K; B « X 10*. ExampUa: 
W has a brightness of 0.00012 candle/cm* at 1000*K of 2.26 at 
1700*Ki and of 347 candle/cm» at 2600*K. Unit of B - 1 
candle/cm* *■ 6.462 candle/in.* — 3.142 lambert. 



X Untreated carbon filament. 
I Nemat glower. 
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Tablb 6. — Bbiohtnb80* (B) Corbxbpondino to Coix>b 

Tbu^ebatubb (7'«) 

T, "t absolute color temperature, ®K. Unit of B — 1 candle/ 


cm* - 0.452 candk/im* — 3.142 lambert. 



Ct 

c: 1 

Ob 

7c 

B 

1400 

0.20 


0.15 

1500 

0.62 


0.43 

1600 

1.8 

1.8 

1.16 

1700 

4.4 

4.1 

2.60 

1800 

9.9 

8.9 

6.7 

1900 

20.0 

17.4 

11.0 


39.0 

32.5 

20.5 

2100 

68 

67.5 

36.0 

2200 

117 

102 

69.0 


187 

171 

93.0 

2400 



144.0 

2600 



209 

2600 



306 

2700 



427 

2800 



690 


• Computad from brichtneM of black-body (*) and data of Table 2. 
t Untreated earbon filament. 
t Treated earbon filament, “Qem." 


Table 7. — Temperature, Brightkebb and Efficiency of 

Selected Sources of Illumination 


r, Tp, Tc » true, brightness, and color temperature, absolute 
scale, expressed in °K; E » efficiency; B » intrinsic brightness; 
C - carbon. Os = Oe^um, Ta *= Tantalum, W = Tungsten; 
60-w. * 60 watt; w.p.c. — watt per candle; cp. std. « candle 
power standard. Unit of B ** 1 candle/cm* — 6.462 candle/in.* 
* 3.142 lambert; of B » 1 lumen/watt. 


Source 


Candle: eperm. 

Paraflla 

Keroaene: flat. 

Round 

Hefner lamp. . . 
Pentane lamp* 
Qae: flamef. . . 


Idanile. . 

Aoetylenet 


Vacuum lamps: 
C, 4 w.p.e. . 
8.1 w.p.e. . 
2.6 w.p.e. . 

60-w 

60-w 

Vacuum lamps: 

Os, 8 w.p.e 

Ta, 2 w.p.c — 

60-w 

W, 10-w 

26-w 

40-w 

60-w 


2 

2 


096 

180 


Tb 


T, I E 


B 


Remarks 


1 930 

1 926 

2 066 
1 63011 920 

1 880 

1 920 

2 160 

1 87j 

2 380 

1 660 3 466 

1 730 2 360 

2 030 2 080 
2 065 2 166 
2 130 2 196 

2 080 
2 196 


2 

2 

2 

2 

2 


2 036 2 186 
2 000 2 260 
180 2 260 
866 2 390 

460 2 493 

460 2 604 

466 2 609 


2.6 

3.2 
4.0 
2.6 
4.0 

6.3 
6.3 
6.3 

7.7 

9.8 
10 . 
10.1 


1.0 

1.2 

1.6 

0.7 


6.2 

6.7 

10.8 

56 

71 

78 

66 

78 

61 

63 

63 

128 

193 

3061 

211 


Briaht spot 

Driabt spot 
Briaht epot 
Briabt spot 
10 op. etd. 
Batewina 
Candle 
Briabt epot 
Whole flame 
One epot 
Meee bum^ 

Filament 

Treated 

Qem 

Untreated (*) 
Qem (*) 


(•) 

Straiabtll (*) 
Straiahtll (•) 
Straiabtll (*) 
Straiabtll (*) 



Source i 

T ( Tb 1 

T. 1 S 

B 1 

1 Remarks 

W, Bulb frosted on 






1 

1 

inside (*): 



1 




IB-w 

2 470 



8.4 

2.3 

Cooed 

26-w 

2 606 



9.6 

4.1 

CoUed 

4D-W 

2 636 



10.0 

6.2 

Coiled 

Qss-filled lamps (*): 







W, 60-W 


1 

1 


1 

406 

White masdall 

•60'W 

2 686 


2 670 

10. (^ 

409 


76-w 

2 736 


2 705 

11.8 

663 

White masdsV 

100-w 

2 760 


2 740 

12.9 

606 


200-w 

2 840 


2 810 

16.2 

781 


200-w 

2 860 



10.0 


“Dayli^t" 

600-w 

2 960 



11.2 


"DayUght” 

760-w 

3 066 





Photographic 

900-w 

3 290 


3 220 

27.3 

2 660 

Special** 

1000-w 

2 990 


2 980 

20.0 

1 226 


1000-w 

3 186 


3 176 

24.2 

2 065 

Stereoptioon 

160a-w 

3 106 



1 

1 


Photographic , 

2000-w 

3 020 


3 000 

21 . 2 ; 

1 350 

Maadatt 

10 kw 

3 350 


3 300 

31.0 

3 050 


30 kw 

3 350 


3 300 

31.0 

3 050 

Special** 

Bulb frosted on inside 







(•): 




1 



50-w 

2 650 



10.0 

7.8 

Coiled 

60-w 

2 655 



11 . 1 ' 

9.2 

Oxled 

100-w 

2 765 



13.4 

12.3 

Ck>Ued 

Electric arc: 

1 

1 






Solid C 


3 385 

3 780 


9 200 

(>•) 

Cored C 


3 075 

3 420 


4 130 

(»•) 

Graphite (C) 


3 735 

3 775 


17 300 

(>•) 

Hg, SSS-w 

(*) 

Direct current 

2.2 

110 volt 

430-w 

(*) 

Altematinc current 2.4 

110 volt 

600-w 

(*) 

Quarts tube 

350 

100 volt 

Oear eky (7) 





0.8 

Average 

Moon (*) 





0.25 

Bright spot 

Suntt (as observed from eiirface of earth) 


165 000 


(As observed from top of earth's atmosphere) 

224 000 



* Color-matobed by Bureau of Standards. 

t MLsture of coal gas and water gaa, beatina vmlue ca. 600 BTU/ft.*: "baU- 
wing" and "candle” refer to the shape of the flame; the eandle-sbaped flame 
waa about 10 cm high. 

X For first two linee, the burner waa from a *'preat-o-lite” automobile bsad- 
ligbt, reflector removed; for third line, a Mses burner was used. 

I For frosted bulb, B — 2.6: for *'aoldsn masda” bulb. B • 2.0 (*). 

I For bulb, B « 1.3. 

i Filament, sprayed: for bulb, B • 2.1. 

** For epeoial illumination. 

tt F(w inside surfaoe of coil, B * 3 000; for frosted bulb, B « 180. 

Calculated from data of (>). 

II Straight filament. 
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IKTRODUCTlOlf 

When the angle of incidence is not zero, the light reflected from 
a metal is elbptically polarised unless the incident light is plane 
polarised either in or perpendicular to the plane of incidence. 
Since the reflectivity and the ellipticity are very sensitive to 
changes in the condition of the surface, published vahiee of the 
optical constants are quite discordant. The vahiee are here 
daasified according to Uie preparation of the mirror, since this 
seems to affect the results in many cases. To obtain the dis- 
persion of the optical constants of some materials, it may be 
necessary to use data from several tables. It should also be 
observed that the reflectivity may be calculated from the indices 
of refraction and absorption with the aid of the formula given in 
the following section. The values in the reflectivity tables may be 
supplemented in this way, if necessary. 

For an substances in which the index of absorption Is not sero, 

both it and the index ot refraction vary with the an^ of incidence 
4S.1). 

Optical constants of dyes and vapors of metals, and data in 
regard to spectra, emissivity, magneto-optics, photoelectricity, 
photooonduotivity, X-rays, and r-rays are covered by other reports; 
sea index. 


A 


Jh Jtf /r 


TMBOL8 AND NUMERICAL RELATIONS 

100 X absorption by a thin fibn; A * 100 — (R + T)> 

Intensity of parallel li^t at two |danes within the 
Bubstanoe, the planes being pe^ndioala|r_to the 
direction of propagation of the light, and separated 
by the distance x. 

Intensity of the incident, transmitted and reflected 
light. 

Index of absorption for normal Incidenee in the direc- 
tion of x; X and X$ are to be 

expressed in the same units. 

Index of absorption for inddenoe at an angle $ with 
the normal x: J- • 


n Index of refraction for normal ineklenee wAjtio cf 

wave or phase velocity of light in poeuo (F) to that 
in the substance (p); n - F/r » X»/X. 
fi 0 Index of refraction for angle of inriden ce .C; n$ ^ 

sin f/sin p. 

R 100 X reflectivity; B - 100/r//<. 

Ro Value of R when f — 0. 

^1 I^i) Value of R when incident light ic plane polarised with 

electric vector parallel [perpendicular] to the plaoe 
of incidence. 

T 100 X transmissivity of a thin film; T « 100JV/^<* 

u| [uxl Component of amplitude of reflected light with eleetiie 

vector II l±] plane of inddenoe. 

A Difference in phase of u| and vj,. 

X Wave-length in metal of refracted fight. 

Xo Wave-length tn micuo of inddent fight, 

p Angle of refraction; p sin*^ sin f). 

0 Angle of inddenoe. 

'0 Principal angle of inddenoe value of # at which 

A - 90®. 

^ Azimuth of restored plane polarisation,' messuied 

from plane of inddenoe; tan f 

f Prindpal asimuth - value of f when # • f, i.s.| when 

A - 90". 

For transparent metal films, see (*t * ^); for massive metab and 
opaque films the following relations anply (>*f *1); 

tan A « sin Q tan 2P 
cos2^ - oosQ8in2P 

where 

. _ « InHl + - 2n*( 1 - *•) sin* #+ sin* 41* 

tan r " ■ ■ ' . v ' a — ^ 

sm 0 tan 0 

— (n'v^i~+~h*)/ain 0 tan 4, approodmately: 

. 2n*k 

“ *«(1 - *») - mn* • 
tan <? * h, approximately. 

^ .^nMl +*•) -an+1 

^ +t*) +£r+i 


T 

«l [«xl 

A 

X 

Xo 

P 

4 

4 


where 


(m, + cos 4)> -I- ml hi 
R| ^ (m^ — sin 4 tan 4)* 4- si| h| 

+ sin 4 tan 4)* + sij *4 


m# « ni cos p 
2m| - 


2mlU 


-n*fc* - 


+ (»i» - » V - 

dn>«) 

_ («• - - 

•inM) 


. 1 . + « [ > - 3(fTp) 


-i(» - •(^■) 


TTW*' ■ •] 

appmiiDstdy; 

> s / 1 \ sin* 4 , 


. r sin* 4 . / 1 \ «*P* V A. 

tan2^ + W* ^ 

. . J - appriwiinately- 


METALUC REFLECTIVITY 


Tablb 1 




X -!#» - 

X 

0.226 

.231 

.250 

.267 

.293 

.298 

.322 

.332 

.336 

.346 

.361 

.396 

.460 

.600 

.550 

.689 

.689 

.630 


-Rbtraction and Abborption op Purs 
Metau, 1, Mn, MoSi AND Stkel 

i z and X« expressed in same unit. 

10*1 - 10-* cm. 


Mabbivb 


Unit of 


0.431 

.486 

.627 


(I 
I 
I 
i 
I 

7 

I 
I 
I 

7 

i;7 


Af (»«) 

n 

1.41 

1.43 

1.49 

1.63 

1.57 

1.66 

0.83 

.40 

.26 

.22 

.20 

.16 

.16 

.17 

.18 

.18 

. 20 * 

20t 


C, Graphite (<7); ef. (»•. ei) 


0.03 

1.10 


1.67 

1.64 

1.46 


.67 

.64 

.42 

.36 

.32 


.275 



97 


361 

396 

486 

441 

468 

006 

M6 


k 

0.76 

0.78 

0.92 

0.84 

0.62 

0.58 

0.49 

1.61 

3.21 
6.01 

7.22 
12.3 

14.6 
17.1 
18.8 

20.6 
17.1* 
19. 6t 



2.85 
3.16 
3 39 
3.66 
3. 64* 
3.92 


o,ei> 

1.13 
1 16 
1.17 


1.87 

2.99 

4.32 


"m 

T 


64 


1.47 


2.36 !• 
2.481* 
1.76 


.67 

.68 


X 

n 

k 

0.436 

1.90 

0.36 

.492 

1.94 

.34 

.646 

1.96 

.34 

.678 

1.97 

.33 

.623 

2.00 

.33 


0.678 


0.436 

.546 

.679 

.589 

.630 


Cb («T) 
1.80 

Cd (») 

0.39 

0.76 

0.821* 

1.13 

1.31 


1.17 


9.131* 
6.41 1* 
6.271* 
4.43 
4.05 


• (17) ; I » liquid Cd. 


Co (»4, 83 );c^, 


0.231 

.257 

.276 

.298 

.347 

.395 

.420 

.440 

.480 

.620 

.560 

.600 

.640 

.680 

•(*<). 


n.io* 

1.25* 

1.41* 

1.60* 

1.54* 

1.63* 

I'.flP 

1*71 

1.86 

1.98 

2.09 

2.21 

2.34 

2.50 


(») 

1.30* 
1.46* 
1.62* 
1 56* 
1.61* 
1.79* 

1.83 
1.87 

1.84 
1.83 
1.83 
1.83 
1.82 
1.78 



0.267 

.275 

.298 

.326 

.340 

.347 


Cu 

X 

0.231 

.257 

.275 

.298 

.347 

..395 

.450 

.460 

.480 

.500 

.620 

.540 

.660 

.580 

.689 

.589 

.600 

.620 

.640 

.660 


”); cf. (•• »•) 

I n I ik 


Hg. — {Caniinued) 


n 

1 39* 
1.40* 
1.37* 
1.26* 
1.19* 
1.17* 
1.13* 
1.19 
1.17 
1.17 
1-16 
1.07 
0.855 
.600 
.62t 
.64t 
.566 
.580 
.615 
.655 


1.05* 

1 . 01 * 

1 . 01 * 

1.06* 

1.23* 

1.60* 

1.90* 

1.93 

2.00 

2.03 

2.11 

2.25 

2.83 

4.66 

4. It 

4.08t 

5.61 

6.72 

6.82 

6.77 





). 

0.589 

Fe (». 3®. SO) 

2.36 1 1.36 

A « ^ A 1 « * 

.589 


l.ZO 

.589 

2.41t 

1.41t 

.589 

2.36t 

1.36t 

• (••). 

t(>*v 


Steel (s«i 

•») 


99 Fe + 1 C 

0.22^ 

1.30 

1.26 

.231 

1.32 

1.28 

.257 

X.38 

1.36 

.298 

1.40 

1.43 

.326 

1 37 

1.53 

.361 

1 52 

1.63 

.400 

1.68 

1.62 

.420 

1.79* 

1.68* 

.440 

1.86* 

1.66* 

.460 

1.93t 

1.64t 

-480 

2.07* 

1 46* 

.500 

2.13t 

1.46t 

.520 

2.26* 

1.38* 

.540 

2.30t 

1.41t 

.580 

2.44t 

1.36t 

.620 

2.54t 

1.34t 

.660 

2.64t 

1.31t 

.700 

2.70t 

1.31t 

• (“). 

t (•>). 




X 

0.441 

.468 

.608 

.589 

.630 


n 

1.01 
1.15 
1.31 
1 62 
1.72 


X / * • 

0.326 

.361 

.398 

.441 

.468 

.608 

.589 

1.70 

2.04 

2.36 

2.81 

3.08 

3.31 

3.34 

0.49 

.65 

.63 

.54 

.47 

.37 

.17 

0.678 

Ir(S7) 

2.13 

2.28 

.660 

2 40 

2.10 

0.472 

K (»». >») 

0.070 

14 3 

.546 

.060* 

21.5* 

.589 

.068 

22.1 

.665 

.066 

26.8 

•(*•). 







0.267 

.274 

.297 

.326 

.340 

.347 

.360 

.414 

.439 

.408 

.479 

.507 

.632 

678 


(14, JO, 

0.661 

0.762 

1.01 

1.03 

1.02 

1.10 

1.16 

1.29 

1.39 

1.54 

1.65 

1.69 

1.84 

1.85 
2.49* 




1.79 

1.67 

1.58 

1-71 

1.76 

1.76 

1.79 
1.83 

1.80 
1.79 
1.71 

1.76 
1.78 

1.77 
1.56^ 















IfoSty Molybdenite (> 2 ) 


0.330 

.350 

,370 

.390 

.410 

,430 

.460 

.470 

.500 


2.22 1,00 

2.04 0.98 

3.21 .96 

3.85 .89 

4.00 .81 

4.50 .66 

4.68 .58 

5.00 .47 

6.67 .34 


Na (11. 3») 


0.435 

.472 

.546 

.546 

.589 

.665 


0.058 

31.7 

.067 

33.3 

.052 

4^.6 

.047* 

47.3 

.044 

65.0 

.051 

65.0 


0.420 

.460 

.500 

.540 

.580 

.588 

.589 

.620 

.660 

.700 


Nb; see Cb 


Hi (». »3) 

1.42 
1.46 
1.54 
1.63 
1.73 
1.68* 
1.79t 
1.82 
1.95 
2.03 


1.79 

1.89 

1.93 

1.97 

1.98 
2.06* 
1.86t 

1.99 
1.08 
1.97 


•(••). t(«). 



0.439 

.466 

.477 

.488 

.603 

.517 

.589 

.589 

.589 

.630 

.633 

.666 

.704 


Pt (», 3f, 61) 

1 1.63 
1.71 
1.72 
1,76 
^ 1.79 
1.85 
2.07 
2.06* 
2.03t 
2.16* 
2.22 
2.34 
2.43 


2.08 

2.11 

2.14 

2.11 

2.15 
2.12 
2.12 
2.06* 
1.96t 
2.06* 
2.10 
2.08 
2.11 


.540 

.589 

.641 


ib 

5.28 
6.49 
7.97 

9.28 


Sn (•.«. (t) 


*<•). 


0,257 

1.12 

2.98 

.276 

1.12 

2.95 

.298 

1.04 

2.66 

.325 

0.98 

2.45 

.347 

1.01 

2.20 

.361 

0.91 

2.13 

.398 

0.68 

2.82 

.425 

0.70 

3.55 


k 

3.441* 

4.03 

4.44 

4.68 



0.678 

.660 

Rh (»7) 

! 1.54 
1.81 

1 

3.00 

2.94 


Sb (*) 


0.689 

3.04 

1.63 

.630 

3.17 

1.66 


Se (*t,3i) 

0.267 

1.73 

0.726 

.276 

1.82 

.736 

.298 

2.46 

.635 

.326 

2.76 

.546 

.361 

2.65 

.618 

.398 

2.88 

.426 

.441 

2.93 

.369 

.468 

2.94 

.320 

.608 

2.92 

.281 

.589 

2.85 

.221 

.589 

3.2* 


.668 

•2.79 

.161 

Crystal axisf X (*** •®) 

0.30 

2.2 

0.7 

.35 

2.6 

.6 

.40 

2.9 

.6 

.46 

3.1 

.5 

.50 

3.2 

.4 

.65 

3.3 

.3 

.60 

3.4 

.3 

.65 

3.4 

.3 

.70 

3.5 

.3 

1 Crystal axisf || (**i ®®) I 

0.30 

3.4 

0.7 

.36 

3.6 

.6 

.40 

4.0 

.6 

.46 

4.2 

.5 

.60 

4.3 

.4 

.65 

4.3 

.3 

.60 

4.4 

.3 

.65 

4.5 

.3 

.70 

4.5 

.3 

•(**). ^ 

t Prineipa] axia X [|] to 

1 pland of incideDce. 



3.08 


.589 

.620 




3.55t 

3.83 

3.30t 

3.53 

t(»). 


0.578 


Ta (»7) 
I 2.05 


Te (33) 
Crystal axisf 


1.13 


0.267 

.275 

.298 

.326 

.361 

.398 

.441 

.468 

.508 

.589 

.589 

.630 

.668 


Zn (»t 31) 

0.55 

0.46 

0.47 

0.60 

0.72 

0.85 

0.93 

1.05 

1.41 

1.93 

2 . 12 (») 

2.36 

2.62 


0.300 

1.6 

0.1 

.350 

2.0 

.2 

.400 

2.4 

.2 

.450 

2.5 

.3 

.600 

2.6 

.4 

.550 

2.7 

.5 

.600 

2.6 

.6 

.650 

2.0 

.5 


Crystal axisf X 


0 455 
.486 
.620 
.560 
.589 
.630 
.650 


1.00 

1.35 

1.47 
1.92 
2.58 

2.47 
2.47 


Crystal axisf X 


Crystal axisf 


0.300 

.400 

.460 

.500 

.550 

.600 

.650 


1.9 
2.4 

2.9 

3.0 

3.1 
2.9 
2.4 


0.3 

.3 

.4 

.6 

.6 

.6 

.6 


0.455 

.486 

.520 

.560 

.589 

.630 

.650 


0.78 

1.09 

1.32 

1.61 

2.02 

2.27 

2.07 


1.10 

2.56 

3.41 

d • ^^3 
3.45 
3.40 
3.32 
2.92 

2.60(») 

1.94 
( 10 ) 

3.55 

3.14 

2.94 
2.60 
2.29 
2.47 

2.15 
( 10 ) 

4.68 

3.80 

3.49 

3.08 

2.86 

2.79 

2.60 


t Prindp*! axis JL III to plane of inoidence. 


Table 2. — RErBAcnoN and Abbobftion of Allots 

Grouped according to number of components; in each group the 
arrangement is alphabetical by chemical symbols. At. %, V %, 
Wt. % « atomic %, volume %, weight %; C " composition. 
Jm X and Xo expressed in same unit. Unit of X ■ 

1m - 10*A - 10-* cm. 


Ag-Cu (*•) 

0.689, C - Wt. % Cu 


Ag-Cu« — (Conftnusd) 



C 

n 

k 

0 

0.20 

17.1 

3 

.25 

11.4 

6 

.52 

6.5 

10 

.49 

7.5 

30 

,36 

6.6 

50 

.31 

7.6 

72 

.24 

13.8 

80 

.42 

7.1 

90 

51 

5.7 

95 

.64 

6.0 

100 

.62 

4.1 


X 

0.361 

.398 

.441 

.468 

.508 

.589 

.668 


n 

0.63 

.59 

.60 

.58 

.58 

.37 

.32 


k 

1.82 

2.20 

3.26 

3.83 

3.61 

6.68 

9.38 


Ag-Pt (»») 

X - 0.589, C - Wt. % Pt 


Ag-Cu (It) 

C - 60 Wt. % Cu 


X 

0.267 

.276 


.326 


.89 

.85 

.72 


k 

94 


.40 


C 

0 

15 

30 

40 

45 

60 

90 

100 


n 

0.20 

0.71 

1.15 



ib 

17.1 

5.92 

3.69 

2.74 

2.42 

2.15 

1.86 

1.96 
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Ag-Sn (1) 

X = 0.678, C « Wt. % Sn 


M 

n 

1.06 

k 

3.79 

Ag-Tl (2) 

X « 0.678, C * Wt, % T1 

2.73 

0.332 

12.16 

^ 4.76 

0.423 

10.14 

Al-Cu (30) 

X - 0.689, C = V % A1 

0 

0.64 

4.08 

19 

0.80 

3.70 

36.4 

1.32 

2.66 

61.4 

1.97 

1.62 

67.8 

2.24 

1.68 

76 

1.68 

2.36 

100 

1.44 

3.64 


Bi-Hg, Liquid (>7) 


X - 0.436, C « At. % Hg 

0 

1.80 

1.79 

40 

1.69 

2.07 

100 

1.01* 

X - 0.646 

3.39* 

0 

2.36 

1.63 

40 

1 

2.24 

1.78 

100 

1.48 

X - 0.679 

2.81* 

0 

2.48 

1.60 

40 

2.38 

1.68 

100 

•(»*). 

1.62 

2.80* 


Bi-Pb, Liquid (»7) 


X - 0.436, C - At. % Pb 

0 

1.80 

1.79 

6 

1.86 

1.70 

18 

1.82 

1.77 

26.4 

1.73 

1.90 

48 

1.74 

1.96 

61 

1.74 

1.98 

76 

1.78 

1.99 

86 

1.63 

2.28 

100 

1.63 

X - 0.646 

2.28 

0 

2.36 

1.63 

6 

2.36 

1.64 

19 

2.44 

1.68 

26.4 

2.44 

1.68 

48 

2.24 

1.77 

61 

2.34 

1.79 

76 

2.32 

1.84 

86 

2.42 

1.84 

100 

2.42 

X - 0.679 

1.84 

0 

2.48 

1.60 

6 

2.62 

1.69 

19 

2.48 

1.63 

26.4 

2.66 

1.64 

48 

2.66 

1.64 

60 

2.66 

1.67 

76 

2.62 

1.67 

86 

2.66 

1.77 

100 

2.66 

1.77 


O-Fe, Steel* see Fe, Table 1 


Cd-Hg (2) 

X * 0.678, C = Wt. % Hg 


C 

n 

k 

6.14 

1.69 

2.75 

10 

0.79 

6.08 

Cd-Pb, Liquid (27) 

X - 0.436, C - At. % Pb 

0 

0.39 

9.13 

12 

0.56 

6.53 

22 

0.81 

4.61 

33.6 

1.02 

3.74 

64 

1.27 

2.88 

79.6 

1.52 

2.37 

100 

1.63 

X = 0.546 

2.28 

0 

0.76 

1 

6.41 

12 

1.14 

4.20 

22 

1.14 1 

4.20 

33.6 

1.58 

3.07 

64 

1.92 

2.32 

79.5 

2.05 

2.16 

100 

2.42 

X - 0.679 

1.84 

0 

0.82 

6.27 

12 

1.43 

3.51 

22 

1.43 

3.61 

33.6 

1.69 

2.98 

64 

1.99 

2.40 

79.6 

2.21 

2.05 

100 

2.66 

1.77 


Cu-Fe (30) 


X = 0.689, C = V % Fe 


0 

0.64 

4.08 

27.6 

1.77 

1.53 

63.4 

2.24 

1.32 

77.6 

2.62 

1.30 

100 

2.41 

1 41 


Cu-Ni (30); c/. (2. ») 

X « 0.689, c =* V % Ni 


0 

0.64 

4.08 

25 

1.61 

2.15 

40 

2.09 

1.47 

60 

2.33 

1.55 

60 

2.12 

1 55 

76 

2.01 

1.67 

100 

1.79 

1.85 


Cu-Sn, C - Wt. % Sn 
X = 0.678 (2) 


^ 1 

0.63 

6.66 

X 

« 0.55 (»•) 

32 

1.19 

2.4 

X 

» 0.60 (»•) 

32 

1 22 1 

2.7 


Cu-Zn (») 


X - 0.678, C - Wt. % Zn 

3.11 

0.60 

8.39 

6.0 

0.46 

9.67 

Fe-Mn (30) 

X - 0.689, C - V 

% Mn 

0 

2.36 

1.36 

60 

2.42 

1 63 

76 

2.43 

1.55 

100 

2.41 

1 61 


Fe-Ni (30) 

X = 0.589, C = V % Ni 


C 

n 

k 

0 

2.41 

1.41 

1.7 

2.44 

1.41 

6.2 

2.38 

1.40 

20.0 

2.31 

1.47 

22.8 

2.30 

1.48 

25.8 

2.25 

1.52 

33 

2.23 

1.60 

44.2 

2.16 

1.63 

73 

2.01 

1.74 

100 

1.79 

1.86 


K-Na (35) 


X == 0.546, C * Wt. % Na 

0.0 

0.060 

21.5 

15 7 

0.088 

17.6 

25.8 

0.124 

12.8 

34.0 

0.137 

12.5 

45.0 

0.115 

15.6 

55.0 

0.108 

16.8 

63.8 

0.100 

18.5 

82.7 

0.081 

27.2 

100.0 

0.047 

47.3 


Ni-Si (30) 


X = 0.689, C * V % Si 

0 

1.79 

1.85 

16.3 

2.04 

1.66 

29.1 

2.35 

1.32 

39.3 

2.61 

1.12 

47.4 

2.87 

0.99 

100 

4.24 

0.114 

Pb-Sn, Liquid (*7) 

X « 0.436, C = At. % Sn 

0 

1.63 

2.28 

14.5 

1.46 

2.61 

62.5 

1.24 

3.09 

93 

1.26 

3.18 

100 

1.18 

3.44 


Pb-Sn. — (CorUinued) 


C 

n 

k 


X = 0.546 

0 

2.42 

1.84 

14.5 

2.00 

2 .30 

62.5 

1.91 

2.52 

93 

1.70 

3 05 

100 

1.73 

3.08 


X = 0.679 

0 

2.66 

1.77 

14.5 

2.24 

2.14 

62.5 

2.03 

2 50 

93 

1.89 

2.81 

100 

1.77 

3.09 


Pt-Rh (57; 

X == 0.678, C Wt. % Rh 

10.0 i 

1 1.79 

2.35 


X = 0.660 


10.0 

1 2.08 

2 22 


C = Wt. 

» /I V \ /f 

% 50Bi + 26Pb 4- 

12.6Sn -I- 12.5Cd. 


X 

n 

k 

0.267 

0.68 

2.68 

.275 

0.68 

2.73 

.298 

0.76 

' 2.86 

.326 

0.85 

2.81 

.361 

0.96 

2.80 

.398 

1.14 

2.69 

.441 

1.22 

2.67 

.468 

1.28 

2.46 

.608 

1.53 

2.36 

.689 

1.80 

2.24 

.689 

2.03* 

2.29* 

.689 

2.10 1* 

2.151* 

.668 

2.04 

2.10 

•(•);/ - 

liquid. 



Table 3. — Refbaction and Absorption bt Opaque Films of 

Pure Metals 

Oath, Chem, Elec = film deposited by cathode sputtering, 
by chemical reaction, by electrolysis, J, =» Jo^*"*'”***^^; x and Xo 
expressed in same unit. Unit of X « 1 m “ lO^A = 10"^ cm. 


Ag, Catb 

(“); cf. { 

16, 17, 43) 

Ag, Chem. — {Continued) 

X 

n 

k 

X 

n 

A; 

0.546 

0.168 

19.6 

3.38 

2.06 

11 1 

0.678 

0.172 

19.3 

4.04 

2.98 

9.6 

Chern (>». »>) 

4.37 

4.34 

7.4 

0.460 

0.270* 

12.0* 

Chem (5*), on glass. 

Light inci- 

0.600 

0.273* 

13.0* 

dent 

through the glass 

0.540 

0.279* 

14.0* 

0.460 

0.339 

6.90 

0.580 

0.284* 

14.8* 

.600 

.343 

7.72 

0.620 

0.291* 

16.6* 

.640 

.348 

8.61 

0.650 

0.19 

18.1 

.680 

.366 

9.26 

0.660 

0.299* 

16.3 

.620 

.365. 

9.93 

0.700 

0.308* 

16.9* 

.660 

.376 

10.46 

0.760 

0.16 

28.6 

.700 

.386 

10.96 

0.940 

0.15 

36.2 

•<»>). 



1.16 

0.23 

31.2 




1.47 

0.36 

23.9 

Au, Cath (28) 

2.10 


14.3 


0.45 

5 36 

2.S9 

1.39 

13.7 


0.30 

8.93 
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Au. — {CorUinued) 


n 

iec (t3. 31. 



0.267 
0.275 
0.298 
0.326 
0.361 
0.398 
0.441 
0.460 
0.468 
0.480 
0.600 
0 520 
0.540 
0.560 
0.580 
0.600 
0.620 
(/.640 
0.660 
0.670 
0.680 
0.870 
1.07 
1.41 
1.69 
2.11 
2.87 
3.14 
3.60 
4.T3 
4.83 
•(»>). 


1.24* 
1 . 20 * 
1 25* 
1.29* 
1.35* 
1.41* 
1.67* 
1.10 
1 . 66 * 
1.22 
1.61 
1.98 
2.72 
3.60 
4.14 

4.86 
6.29 
6.69 

6.86 
is.ot 

6.26 
26. Of 
28. 6t 
26. Of 
28. 6t 
28. 6t 
22. Of 
23. 6t 
23. 6t 
18. Ot 
18. Of 


Cu, Cath (13, 28 , 43, 46) 


0.646 

0.646 

0.646 

0.678 

0.578 

0.810 

1.03 

1.27 
1.63 
1.77 

2.28 
3.05 
3.26 
3.59 
4.20 

0.460 

0.480 

0.600 

0.620 

0.540 

0.660 

0.680 

0.600 

0.640 

0.660 

0.700 

0.740 

0.900 


0.901* 
0.925t 
0.97t 
0.516* 

0.601t 

0.43 
0.43 
0.37 
0.53 
0.73 
0.68 
0.90 
1.08 
1.39 
1.92 
Elec (1*. 81) 
1.57 
1.63 
1.60 
1.43 
1.38 
1.27 
1.07 
0.08 
0.96 
1.00 
1.03 
1.25i 
1.031 


2.70* 
2.09t 
2.76t 
4 91* 
3.98t 
9.8 

13.0 

19.1 

15.1 
13 ^ 
16.8 

15.9 
15.1 
13.6 

11.9 

1.44 
1.60 
1.68 
1.68 
1.79 
2.02 
2.66 
3.26 
3.68 
3.72 

3.60 
3.6| 

2.61 



Pt 


0.267 

.276 

.298 

.326 

.361 

.398 

.441 


{Continued) 
n I 
aec (»l) 
1.17 


1.20 

1.28 

1.28 

1.38 

1.74 

1.94 


1.41 

1.51 

1.67 

1.72 

1.77 

1.71 

1.63 


—(ConHnuei) 


X 

n 

k 

0.468 

2.09 

1.67 

.608 

2.20 

1.48 

.680 

2.63 

1.36 

.668 

2.91 

1.26 




W, Cath (*0); (41) 

0.679 

2.8 


0.680 

3.6 



Table 4. — Refbaction and Absorption or Transparent 

Films or Pure Metals 


Films are deposited by cathode sputtering, r » thickness.; 
Jm “= X and Xo expressed in same units. Unit of 

T = Imp = 10-V = 10"’ cm; of X -* 1 m » 10*A “ — 

= 0.436 


10^ cm. 


Ag (>«), X 


r 

n 

k 

0.9 

2.27 

0.58 

2.4 

1.66 

0.68 

2.8 

1.34 

1.38 

28.6 

0.58 

3.71 

53.2 

0.71 

X - 0.646 

2.92 

0.6 

4.60 

0.067 

0.9 

4.25 

0.45 

2.4 

3.23 

0.45 

2.8 

2.63 

0.78 

6.5 

2.07 

0.83 

28.6 

1.22 

2.26 

53.2 

0.81 

3.23 

96.2 

0.21 

X = 0.579 

14.9 

53.2 1 

0.90 

X - 0.622 

1 3.19 

0.9 

4.83 

0.46 

2.8 

2.00 

0.68 

Au (44), X - 0.600 

1.0 

1.96 

0.46 

1.5 

1.69 

0.86 

3.4 

1.34 

1.22 

9.2 

1.12 

1.62 

23.1 

1.02 

1.80 

32.2 

1.06 

1.69 

60.3 

1.06 

1.64 

72.6 

1.09 

1.58 

113.2 

0.85 

X - 0.600 

1.94 

1.0 

2.09 

0.40 

1.5 

2.25 

0.89 

3.4 

1.63 

1.64 

9.2 

0.77 

3.74 

23.1 

0.66 

4.39 

32.2 

0.73 

3.76 

60.3 

0.77 

3.48 

72.6 

0.77 

3.43 

113.2 

0.36 

X - 0.700 

7.12 

1.6 

3.31 

0.56 

3.4 

2.14 

1.42 

9.2 

1.13 

3.10 

23.1 

0.58 , 

5.70 

32.2 

0.63 

4.02 

60.3 

0.63 

4.62 

113.2 

0.20 

12.8 


Cu (18); c/. (», 
T I n I 

X -0.436 
0.8 3.23 

13.7 1.03 

20.2 1.80 

X 7 0.546 
0.8 r.96 

13.7 1.60 

20.2 1.45 

37.2 1.26 

40.1 1.23 

44.'8 1.13 

X - 0 622 
0.8 0.60 

13.7 0.92 




0.16 

0.47 

1.10 

0.41 

1.60 

1.64 

1.91 

1.96 

1.96 

1.43 

1.62 


0.2 

0.4 

1.7 

3.1 

5.1 
6.4 
0.6 

22.0 

33.1 

39.7 
66.3 

71.1 

80.7 

111.6 


Pd (84), ^ 

3.10 
3.40 
2.94 
2.84 
2.60 
2.46 
2.20 

2.10 
2.01 


1.66 
1.70 
1.86 
1.72 
1.95 
« 232mM 


0.600 
0.58 
0.20 
0.67 
0.65 
0.82 
0.89 
1.06 
1 24 
1.41 
1.60 
1.76 
1.66 
1.66 
1.39 




METALLIC REFLECTIVITY 


Table 5. — Refle ctiv it y of Pitre Metals and Steel: Normal 

Incidence on Massive Metal 
Ro/lOO * Jr/Ji* For qualitative comparison with speculum 
metal for X = 0.103 to O.lOO/i, see Gardner (i») for Ag, Al, Au, Cu, 
Steel, Pt, and Si, and Hulburt (**) for Ni, Unit of X = 1 m = 
10*A “ 10"* cm. 

Au, Polarized light f 
(C<m(fnt*ed) 


Ag «) 


X 

0.46 

0.60 

0.66 

0.60 

0.66 

0.70 

0.80 

0.90 

1.00 

1.60 

2.00 

3.00 

4.00 

6.00 

7.00 

9.00 
11.00 
14.0 
•(»). 


jRo 

88 . 0 * 
90.0* 
91.6* 
92.7* 
93.6* 
94.1* 
95.1* 
96.0* 

96.4 
97.3 
97.3 
97.3 

97.7 
97 3 

98.5 
98.9 
99.0 

98.8 


Al(»);c/. (») 


1.06 

73.8 

1.71 

80.8 

3.06 

88.3 

3.96 

91.4 

6.24 

93 8 

6.75 

95 2 

8.02 

96 9 

9.38 

97.4 

10.49 

96.9 

12 03 

! 97.3 

Au, Full 

radiation* (*) 

<• 

R 

600 

97.7 

1000 

97.6 

1600 

97.5 

2000 

96.8 

2600 

95.7 

3000 

93.7 

3600 

91.0 

4000 

87.6 

Polarized light t 


(M) 

- 0.620 


$ 


0 

88.0 

20 

88.4 

40 

91.2 

60 

94.2 

70 

97.2 

80 

98 7 

85 

97 8 

$ 


0 

88 3 

20 

87 7 


Cd («) 


e 

^tl 

40 

86.2 

60 

81.5 

70 

80.4 

80 

82.8 

86 

90.1 

$ = 

60** 

X 

^X 

0.500 

68.3 

0.540 

83.2 

0.580 

90.8 

0.660 

94.3 

X 

^1! 

0.600 

33.2 

0.640 

59.5 

0.680 

74.3 

0.660 

84.8 

• From black-body 


temperaturo (, ^C. 

t j_ (H||J — R when 

electric vector ie X (!l) to 
plane of incidence; 0 •• 
angle of incidence. 

Bi (9) 


X 

3.00 

4.00 

6.00 

7.00 

9.00 
11.00 
14.00 


Ro 

71.7 

75.2 

77.2 

79.6 
81.4 

83.2 

81.6 


C, Graphite (®» *5); 
ef. (>*. 97. « 2 ) 


0.20 
0.26 
0.30 
0.36 
0.40 
0.60 
0.60 
0.70 
0.80 
1.00 
1.20 
1.40 
1.60 
2.00 
2.60 
3 00 
3.50 

4.00 
6 00 
0 00 

7.00 
8 00 
9 00 

10 00 
♦ (J») 


18* 

19* 

19* 

19* 

21 

22.5 

23.6 

24.0 

26.0 
26.8 
28.3 

30.0 

32.0 
36.2 
39 5 

43.0 

40.0 

47.6 

50.5 

52.0 

63.6 

56.5 

57.5 

69.0 


X 

Ro 

1.06 

70.8 

1.71 

86.0 

3.06 

93.0 

5.24 

95.9 

6.75 

97.0 

9.38 

98.4 

12.03 



98.2 

Co (5, 25) 

0.188 

33* 

0.200 

37* 

0.261 

44* 

0.305 

61* 

0 . 357 

64* 

1.06 

67.5 

1.71 

71.5 

3.06 

76.7 

3.96 

. 80.7 

6.24 

86.2 

6.75 

92.7 

8.02 

94.8 

9.38 

96.4 

10.49 

96.8 

12.03 

96.6 

• (15). 


Cr («< 


0.188 

33* 

0 200 

36* 

0.251 

32* 

0.305 

37* 

0.357 

41* 

0.50 

56 

0.70 

66 

1.00 

57 

1.40 

69 

1.60 

61 

2.00 

63 

2.60 

66 

3.00 

70 

4.00 

76 

6.00 

81 

6 00 

86 

8.00 

89 

9.00 

92 

10.00 

93 

• (*»i. 



Cs, Cs-glass mirror 


0.465 

37.2 

0.489 

46 7 

0.540 

54.1 

0 689 

58,6 

0 641 

62.9 

0.680 

63 2 



Cu (2»);c/. 


(9, 39, 49, 60) 

X 

Ro 

0.261 

26.9 

0.288 

24.3 

0.305 

26.3 

0.326 

24.9 

0.367 

27.3 

0.385 

28.6 

0.420 

32.7 

0.460 

37.0 

0.600 

43.7 

0.660 

47.7 

0.600 

71.8 

e >50 

80.0 

0.700 

83.4 

0.800 

88.6 

1.00 

90.1 

1.50 

93.8 

2.00 

95 6 

3.00 

97.1 

4.00 

97.3 

5.00 

97.9 

7.00 

98.3 

9.00 

98.4 

11.00 

98.4 

14.00 

97.9 


Fe (5) 


0.60 ; 

55.0 

0.60 

67.5 

0.70 

69.6 

0.80 

61.5 

1.00 

66.0 

1.40 

71.6 

2.00 

78.0 

3.00 

84.6 

4.00 

89.5 

6.00 

91.6 

6 00 

93.0 

7.00 

94.0 

8.00 

94.0 

9 00 

93.8 

Steel (X 2 

,25, 51) 

99 Fe + 1 C 

0.188 

22* 

0.200 

27* 

0.261 

38* 

0.306 

44* 

0.367 

60* 

0.460 

66.6 

0.600 

56.0 

0.640 

56.0 

0.580 

67.3 

0.620 

67.3 

0.660 

68.0 

0.700 

68.0 

1.00 

63 1 

2.00 

77t 

3 00 

83t 

4 00 

88 1 

9 00 

93 1 

14 00 

, 96t 


Steel. — (Con/’d) 

X j .^0 

Polarized light J 
( 61 ) 


X = 0.580 

0 

^X 

0 

55.5 

10 

65.5 

20 

67.3 

30 

69.9 

40 

63.4 

60 

68.5 

60 

74.6 

70 

81.1 

76 

86.9 

80 

89.5 

82.5 

93.0 

0 


0 

56.8 

10 

54.7 

20 

54.1 

30 

60.9 

40 

47.0 

60 

40.8 

60 

34.0 

70 

26.2 

75 

24.0 

80 

27.0 

82.5 

33.8 

0 = 

60® 

X 

i2x 

0.500 

73.6 

0.540 

74.4 

0.620 

75.4 

0.660 

75.6 

X 

R^ 

0.500 

34.1 


33.7 


34.3 


36.6 

• (»•). 


t(**x 


1 ^xf^lll ' 

“ R when 

electric vector is X (||] 

to plane of 

incidence; 

d o angle of incidence. 


Hg, Glass backed 

with Hg (22) 

X 

Ro 

0.450 

72.8 

0.600 

70.9 

0.650 

71.2 

0.600 

69.9 

0.660 

71.5 

0.700 

72.8 

It (*) 

1.06 

79.4 

3.06 

91.4 

6.24 

94.2 

6.76 

94.7 

9.38 

96 6 

12.03 

: 96 1 


K(l») 


X 

Ro 

0.254 

10.6 

0.265 

17 6 

0.280 

25 i 

0.313 

33.2 

0.334 

68 0 

0.365 

74.0 

0.405 

79.0 

0.436 

88.0 

0.546 

92.5 

Mg (6. 25) 

0.188 

13* 

0.200 

21* 

0.251 

32* 

0.306 

37* 

0.357 

45* 

0.50 

72 

0.60 

73 

1.00 

74.0 

1.40 

75.0 

2.00 

77.0 

2.50 

79.0 

3.00 

80.5 

4.00 

83.5 

5.00 

86.0 

6.00 

88.0 

7.00 

91.0 

8.00 

93.0 

9. 00 

93.0 

•(»»). 


Mo (6 

, 25) 

0.188 

27* 

0.200 

32* 

0.261 

24* 

0.305 

43* 

0.367 

41* 

0.40 

44.0 

0.46 

44.6 

0.50 

45.6 

0.60 

47.6 

0.70 

49.8 

0.80 

52.3 

1.00 

68.2 

1.20 

63.6 

1.40 

69.0 

1.60 

74.2 

2.00 

81.6 

2.60 

86 5 

3.00 

87.6 

3.60 

89.2 

4.00 

90.6 

6.00 

92.0 

6.00 

93.0 

8.00 

93.7 

10.00 

94.6 

12.00 

95.2 

♦ (at) 


Wa (15) 

0.264 

78.0 

0.266 

81.0 

0.280 

80.0 

0.313 

78.0 

0.364 

78.0 






KTt 


Na. — (CorUinxied) 

X 

Rti 

0.365 

78.6 

0.406 

80.6 

0.436 

87.6 

0.646 

96.0 
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Pd (»• a*) 

74.8 

79.3 

87.6 

88.1 

90.4 

93.3 

94.7 

95.3 

90.6 

96.6 


(6) 


Si (•) 
0.600 
0.600 
0.800 
1.00 to 
9 00 


34 

32 

29 

28 


Sn, — (Conh*nii«d) 

X R. 

3.96 71.7 

6.24 76.7 

6.76 80.3 

8.02 83.2 

9.38 87.0 

10.49 87.0 

to AO 


Ta (« 

0.188 
0.200 
0.261 
0 306 
0.367 
0.60 
0.60 
0.80 
1.00 
1.20 
1.60 
2.00 
2.60 

3.00 

4.00 
6 00 

7.00 

8.00 I 
12 00 



«) 

13* 

13* 

15* 

29* 

26 * 

38 

45.0 

64.5 

78.6 

84.0 

88.0 

90.6 

91.6 

92 3 
93.0 
93.0 

93.6 

93 8 
96 0 


1.00 

1.20 

1.60 

2.00 

3.00 

4.00 

6.00 

8.00 

9.00 

(*n. 


«) 

21 

22 


32* 

41* 

49 

48 

49.6 

60 

61' 

62 


67 


72 

78 




I 
I 

i;i 

T 

i I 

II 




V. — (Caniinusd) 

X I Ro 


6.00 

85 

8.00 

89.8 

9.00 

92 


W («. 
0.188 
0.200 
0.261 

0 306 
0.367 
0.40 
0.46 
0.60 
0.60 
0.67 
0.80 
0.80 

1 00 
1.20 
1.27 
1.40 
1.60 
1.90 
2.00 
2.60 
2 90 

3.00 
3.60 

4.00 

6.00 
6.00 

7.00 

8.00 
9.00 

10 00 
12.00 
*(*»). t 


a*. «*) 

14* 

16* 

16* 

25* 

28* 

47.0 

48.2 

49.3 

61.3 

51 1 

66 3 
56t 

62.3 
68.2 
70t 

73.8 

78.0 
83t 

84.6 

89.2 
92t 
90 5 
92 0 

92.8 

94.6 

94.6 

96.1 

95.6 
96 6 
96 6 

96.3 
(••y. 


X 

0.188 
0.200 
0.261 
0.288 
0.306 
0.326 
0.357 
0.386 
0.420 
0.460 
0 500 
0.560 
0.600 
0.650 
0 700 
0.800 
1.00 
1.50 
2.00 

3.00 
4 00 
6 00 

7.00 

9.00 
11.00 
14.00 


Table 6. — Retlect ivit i of 
compositions expressed in weight % 
Ro; j^/100 « Jf/Jj* unit o/ X » l/< ■■ 

n 1 I 2 I 3 I 4 TT" 

23 
26 
29.9 

37.7 

41.7 


Allots 

; tabular values 
KHA - ion cm 


26 

29 

31 

33 

37 

41 

44 

46 

48 

62 


67.0 

70.6 
72 2 

75.6 
81.2 

83.9 

83.3 

83.4 
83.3 

82.7 

83.0 

82.1 

83.3 

84.3 
84.1 

85.5 

86.7 

87.4 

88.7 

89.0 

90.0 

90.9 

90.7 
92 2 


61.0 

63.1 


63 6 

65.8 

68.3 
70.1 

71.0 

71.8 

73.0 

74.0 

75.3 

76.8 

80.0 

82.8 



64.0 

64.3 


70.0 

71.2 

72.4 

77.8 

82.3 

85.6 

88.3 

89.6 

92.7 

93.0 

93.4 
94.2 


66.8 

70.5 

75.0 

80.4 



66.6 

67.8 
69.0 
60.2 

61.8 

63.7 

67.2 

72.3 
78.2 

83.8 
88.7 


89.1 

90.1 

92.2 
92.9 
93.6 


36.8 

37.1 

37.2 

39.3 

43.3 

44.3 

47.2 

49.2 

49.3 

47.6 

49.7 

54.9 

63.1 

69.8 

79.1 

82.3 

86.8 

87.1 

87.3 
88.6 

90.3 

90.2 

90.3 


71.1 



.1 
91.9 



1. Al-Cn, Duralumin (•); 94,19 AI -f- 4.20 Cu + 0.37 Fe + 0.61 
Mn +0.64 Mg +0.19 Si. 

2. AI-Mg, Mach’s mirror magnalium (•*); 69 Al + 31 Mg. 
C-Fe Steel; see Fe, Table 6. 

3. Co-Cr, Stellite (^); secret composition. 

4. Cu-Ni, Constantan (a*); go Cu + 40 Ni. 

6. Cu-Sn, Speculum metal; Ross’s metal (**); 68 Cu + 32 Sn. 

6. Cu-Fe-Ni, Monel metal (a); 68 to 70 Ni + 1.6 Fe + 30.6 to 
28.6 Cu. 

7. Cu-F©-Ni-8n, Brandes and Schumann alloy (**); 32 Cu + 
34 Sn + 29 Ni + 6 Fe. 

8. Cu-Ni-Zn, German silver (^*); 62 Cu + 26 Zn + 22 NL 
Table 7. — Reflectivity of StrLFioBs Which Show Metallic 

KOFLECnON (»f *1 »«) 

FeSi ■» Pyrites, MoSi -■ Molybdenite, PbS ■■ Galena, SbiSi • 
Stibnite; Rf/100 =• /,//<; unit of \ - 1m - 10*A - 10~* cm 


FeSf 


49 

48 

48 

60 

46 

38 

44 

62 

63 

64* 

60* 

62t 

62t 

62t 

62t 

62t 


MoSt I 


63 

67 

66 

60 

48 


63 

47 

42 

42t 

42t 

39t 

39t 


PbS 


40 

40 
42 
49 
48 

41 
37 
34 
37t 
36t 
42t 
36t 
31t 
31 1 
3lt 


SbiSa 


62 

61 

67 

61 


64 

61 


42* 

41* 

i4t 

40t 

37t 

37t 

37t 


78 
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Tabus 8. — RBrLBcnvrtr or Ofaqub Films or Pubb Metals 

Rt/IOQ “ JrlJi't unit of X — 1 m ■■ WHA — 10“* cm 
Deposited by cathode spattering (**); tabular values « Ro 


X 1 

Ag* 

1 Alt i 

1 Au 

Bi 

1 Cd 

1 Cu* 

0.188 

22 

25 

17 

17 

20 

23 

0.200 

25 

31 

20 

18 

23 

31 

0.251 

33 

53 

25 1 

24 

36 

26 

0.305 

17 

64 

36 

1 

30 

49 

29 

0.357 

67 

70 

45 

36 

60 

32 

X 1 

Ni* 

Pb 

Sb 

Si 

Sn 

Zn 

0.188 

35 

16 

31 

64 

8 

17 

0.200 

44 

18 

33 

73 

9 

22 

0.251 

38 

20 

53 

75 

17 

39 

0.305 

46 

22 

64 

73 

21 

48 

0.357 

49 

26 

71 

60 

27 

61 


* As it ebemieally, tad Cn »Dd Ni tre eleetrolyiioaUy depotit«d; ««« below for 
otber data, f C/. (**). 


Deposited by cathode sputtering (22); tabular values « R> 


X 

Ag 1 

Au 

Pt 

X 

Ag 

Au 

Pt 

0.65 

94.6 

89.1 

63.8 

7.00 

98.3 

96.7 I 

93.0 

1.00 

95.6 

93.6 

e 

70.4 

8.00 

98.1 

96.1 

92.6 

1.50 


94.8 

76.3 

9.00 


96.1 

92.6 

2.00 

96.8 

94.9 

79,8 

10.00 


96.4 

93.1 

3.00 

97.4 


88.5 

11.00 

98.8 

96.5 

92.7 

4.00 

97.6 


91.6 

12.00 

98.1 

97.2 

94.9 

5.00 

97.3 

Km 

90.8 

14.00 


96.7 

94.7 


Chemically (Chem) and electrolytically (Elec) deposited 


Ag, Chem 

(22, IS, tl) 


X 

0.188 
0.200 
0.261 
0.288 
0.305 
0.316 
0.326 
0.338 
0.357 
0.385 
0.420 
0.450 
0.460 
0 500 
0.600 
0.540 
0.560 
0.580 
0.600 
0.620 
0.660 
0.660 
0 700 
0.700 
0.800 
1.00 
1.50 

3.00 

4.00 

5.00 

7.00 
14.00 


R* 

22 * 

25* 

34.1 

21.2 
0.1 
4.2 

14.6 

55.5 

74.6 

81.4 

86.6 

90.5 
90. 6t 
92. 7t 

91.3 
93. Of 

92.7 
94. 8t 

92.6 
05. Of 

93.5 
96. 2t 

04.6 
95. 3t 

06.3 
96 6 
97.9 
98.1 

08.5 
98.1 

98.5 

98.8 


X 

0.460 

0.500 

0.540 

0.580 

0.620 

0.660 

0.700 

X 

0.779 

0.910 

1.096 

1.329 

1.718 

2.204 

3.842 

4.810 

6.264 

7.737 

X 

0.779 
0.910 
1.096 
1.329 
1.718 
2.204 
3.842 
4.810 
6 264 
7.737 


glasst (»i) 
Re 
81.0 

84. 0 

86.2 

88.5 

90.2 
91.9 

93.0 

R< (^')§ 

92.0 

94.4 

96.0 

97.3 

97.6 

98.0 

98.0 

98.1 

98.2 

98.5 

R.f 

85.2 

86.5 

88.3 

89.5 

91.9 

93.6 

94.1 
95.5 

96.2 


Ag, Chem 
(Lacquered) (^) 




1 




















After exposure* 


0.55 


0.60 

68.7 

0.66 

73.8 


77.6 




* Ezpoeed tiz boun to 
Uffat from a 16 amp. 
earboo arc 0.6 met«r 
away. DeterioratioD 
due pratumably to tbe- 
effeot of ultra>Tiolet light 
on the laoquer. 


•(*•). t(«). tUghI 
ineideat on ^aat tide. 

!&•/ [R*/] R for new 
fold) film. 


An, Elec 

(21, SI) 

0.261 

38.8 

0.288 

34.0 

0.305 

31.8 

0.326 

28.6 

0.357 

27.9 

0.385 

27.1 


29.3 


38.1 




Au, Elec.— 

~(Cora*d,) 

1 Cn, Elec 

X 

Ro 

X 

Ro 

0.480 

38.0* 

0.188 

23* 

0.500 

43.0* 

0.200 

31* 

0.620 

63.0* 

0.261 

26* 

0.640 

61.8* 

0.306 

29* 

0.560 

70.8* 

0.367 

e 

CO 

0.680 

76.8* 

0.460 

46.0 

0.600 

79.2* 

0.480 

48.0 

0.620 

81.2* 

0.600 

49.0 

0.640 

84.0* 

0.620 

51.2 

0.660 

86.2* 

0.540 

54.0 

0.680 

86.3* 

0.660 ! 

67.6 

0.700 

92.3 

0.580 

66.6 

0.800 

94.9 

0.600 

71.0 

1.50 

97.3 

0.640 

76.6 

2.00 

96.8 

0.660 

77.7 

4.00 

96.9 

0.700 

78.6 

6.00 

97.0 

•(»»). 


7.00 

9.00 

98.3 

98.0 

Ni,. Elec 

(22, 25) 

11.00 

98.3 

0.188 1 

36* 

14.00 

97.9 


44* 

*(•>). 


0.251 

0.288 

37 8 

Au, Chem (* 2 ) 

42.7 

0.66 

89.6 

0.306 

44.2 

0.70 

91.3 

0.326 

45.2 

1.00 

94.7 


46.5 

1.60 

96.7 

0.367 

48.8 

2.00 

96.6 

0.385 

49.6 

3.00 

96.7 


56.6 

4.00 

97.2 

0.450 

59.4 

6.00 

96.9 



7.00 

97.3 


62.6 

9.00 

96.7 


64.9 

11.00 

97.7 


68.8 

14.00 

98.7 


69.6 


Ri, Elec. 

X 

1.000 

2.00 

3.00 

5.00 

7.00 

9.00 
11.00 
14.00 
*(*•). 


(CorU'd) 

Ro 

72.0 

83.5 
8«.7 
94.4 
94.3 

95.6 
96.9 
97.2 


0.261 

33.8 

0.288 

38.8 

0.306 

39.8 

0.326 

41.4 

0.367 

43.4 

0.386 

1 


51.8 

0.450 

64.7 


58.4 


61.1 


64.2 


66.5 


69.0 



1.00 

72.9 

1.60 

77.7 

2.00 

80.6 

3.00 

88.8 

4.00 

91.6 

6:oo 

93.5 

7.00 

95.6 


Table 9. — Transmission, Reflection, and Absorption or 

Thin Films of Pure Metals 


thickness of him. Ag is chemically deposited on glass, Au and Pt 
are deposited on quartz (SiOa) by cathode sputtering. Unit of 
T «= Im/i = 10“* M = 10“^ cm; of X = 1 m =*■ 10*A =* 10“* cm. 


T 

1 

48.6 1 79.0 1 100.4 

X 

1 

Ag («): cf. (2*. »*), T 


0.221 

7.0 

2.6 


0.261 

6.8 

1.20 


0.288 

10.2 

2 92 

1.32 

0 305 

23 2 

10.3 

4.6 

0.310 

33.4 

14.6 

8.2 

0.316 

39.8 

26.7 

19.7 

0.321 

44.1 

31.6 

22.6 

0.326 

39.4 

26.4 

16.9 

0.332 

27.6 

16.9 

10.0 

0.338 

20.7 

10.^ 

3.63 

0.367 

11.8 

4.16 

0.81 

0.385 

9.00 

2.38 

0.43 

0.420 

e 

8.85 

1.30 

0.32 

0.450 

6.80 

0.84 

0.24 

0.600 

5.32 

0.40 

0.10 

0.66 

4.12 

0.27 

0.076 

0.60 

3.36 

0.142 . 

0.050 

0.65 

2.78 

0.106 

0.034 

0.7 

2.55 

0.079 

0.025 
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Table 9. — (Continued) 


r 

48.6 

79.0 

100.4 

X 

1 Ag {«); (24, S2) 

, T 

0.8 

1.96 

0.052 

0.017 

1.0 

1.40 

0.029 

0.010 

1.2 

1.29 

0.024 

0.006 

1.6 

1.16 

0.036 

0.007 


r 1 

63.3 1 

73.2 1 

101.1 1 

20.9 1 

51.5 1 

89.9 

X 1 

Au (23), T 

1 

Pt (23), T 


0.326 

2.87 

0 91 


7.7 



0.367 

3.98 

1.06 

0.306 

7 6 

0.49 


0.386 

4.15 

1.41 

0.309 

7.6 

0.51 


0.42 

5.10 

1.74 

0.440 

7.1 

0.67 


0.45 

6.62 

2.80 

0.686 

7.0 

0.54 

0.027 

0.50 

1 

10.03 

1 

4.12 

0.929 

6.7 

0.52 

0.021 

0.66 

6.66 

2.42 

0.519 

6.1 

% 

0.66 

0.022 

0.60 

3.97 

1.38 

0.283 

6.9 j 

0.61 

0.024 

0.65 

3.02 

0.726 

0.202 

6.8 j 

0.51 

0 023 

0.7 

2.31 

0.655 

0.172 

5.6 i 

0.62 

0.021 

0.8 

1.67 

0.288 

0.101 

6.1 

0.49 

0.020 

1.0 

1.48 

0.227 

0.040 

1 

4.2 

0.53 

0 019 

1.2 

1.01 

0.127 

0.027 

4.0 

0.60 

0.022 

1.5 

0.639 

0.074 

0.016 

4.1 

0.60 

0.028 

2.0 

0.285 

0.039 


3.9 

0.62 

0.038 

2 6 

0.159 

0 031 


3.6 

0.60 

0.041 


Pt (40)^ X - 0.300 


r 

1 

1 K 

1 T 

a; 

1 a;' 

0 

7.9 

7.9 

1 

82.6 

0 

0 

1.0 

9.9 

6.8 

67.4 

15.1 

21.0 

2.7 

12.8 

5.0 

63.6 

27.2 

38.4 

4.2 

16.7 

6.0 

46.9 

31.6 

45.9 

10 

26.8 

11.7 

24.7 

46.1 

62.8 

15 

28.1 

14.7 

19.2 

50.0 

65.2 

22 

28.6 

19.4 

9.1 

60.9 

70.6 

50 

26.4 

19.3 

0.5 

73.0 

80.6 


Pt (40), X - 0.400 


r 

1 

1 r; 

1 T 

1 a; 

1 a; 

0 

9.2 

9.2 

91.5 

0 


1.0 

10.8 

7.2 

80.8 

8.4 


2.7 

13.2 

5.4 

65.0 

21.8 


4.2 

17.2 

6.7 

54.8 

28.0 

39.5 

10 

29.6 

13.2 

30.0 

40.5 

56.8 

15 

41.7 

21.3 

19.1 

39.2 


22 

47.6 

33.4 

10.0 

42.5 

56.6 

50 

49.8 

34.2 

0.5 

49.7 

EH 


side of pUte. 

UTERATURE 

(For a key to the periodicals see end of Tolome) 

(*) Aster, £, 10: 349; 22. (*) BemoulU, 9. If: 046; 00. (») Bets, U: 600i 
06. (♦) Burgess and Foote, 91A, 11: 91; 15. C^bleats, 19», No. If: 

91; 06. 5/A, 1: 467; 06. (•) Ck)blents, SIA, 7: 197? 11. (f) CoWenli, 

5/A, If : 249; 20. (*) Coblents and Hughes, 5/A, lf:677;24« (*) Orude, 
8, M: 481; 00. 

(>•) Drude, 5, f4: 169; 98. (**) Duncan and Duncan, 5, 1; 294; 18. (**) 
Erochin, 5, 81: 213; 12. (>*) FOrsterling and Frfederiekss, 5, 40: 201; 18> 
(»<) Fr4ederickes. 8. 84: 780; 11. (»•) Frehafer, #, If: 110; 20. (*•) 
Fri tie, 5. 47 : 763; 16 (>?) Qalli and FOrsterling, /55, 1111 X: 68. (I*/ 

Gardner. £/, 40 : 30; 17. (>•) Oaubert, 54, 177: 1123; 23. 

(<4) Graber, f. If : 380; 25. Oripenberg, 55, 14: 123; 13. (») Hagen and 
Rubens, 8, 1: 352; 00. f : 1; 02. 11: 873; 03. (>*) Hagen and Rubens, 

5, 8: 432; 02. (>4) Hartley. /75(7th) 1: 88; 10. (>*) Hulbnrt, 5/, 41: 

205; 15. (**) IngersoU and Littleton, 5. 81: 489; 10. (4^) Kent, 5, 14:450; 

19. (*^*>) Ketteler, Thtoretische Optik,p. 122; IS8S. (••) Laach,5,74J 55; 

24. (*•) Lewis and Hardy, £, 14 : 272; 19. 

(*«) Littleton. £. 83: 463; II. (»*) Meier, 8, 81: 1017; 10. (»*) Mey«, 4^. 
18:657:26. (»») Miller. 45. 10: 621; 25. {•*) Mlnor,5, 10:581;03. (*•) 

Morgan. £. 10 : 203; 22. (*•) Nathanson, f, 11: 227; 18. (*») Nathanson, 

£. If: 76; 25. (»•) O'Brien, #, 87: 93; 26. (»•) Oppits, 5, 10: 156; 17. 

(44) Partssch and Rallwachs, 5, 41: 247; 13. (41) Paschen, 5, 4: 304; 01. (^*) 

Pirani, 55, 1$: 753; 12. (4») Planck. 55, If: 663; 14. (44) Pogfny, 5. 

48: 531:16. (4*) Quincke, 5. Jobelband: 336; 74. (4«*l) Schuster, TAsory 
o/Op<tcs, p. 236; 1904. (4«) Rother and Lauoh, 55. 84 : 462; 23. (4D 

Senftlebeo and Benedict, 5, 04 : 65; 17. (4*) Shea, 5, 47: 177; 92. (4*) 
Skinner, 5. •: 148; 17. 

(»•) Statescu, 5, 88: 1032; 10. (•«) Tat^ f, 84 : 821; 12, (•*) Tear, M, 88* 
641; 24. (•*) Tool. 5, 81: 1; 10. (*4) Tyndall, 5, 81: 162; 28. (»•) 
Uljanin, 55, 11: 784; 10. (••) Voigt. 5. 88: 104 ; 84. (•») von Warteo- 

berg. 55. 18: 106. 10. (••) Weld. 45. f : 67; 22. (••) Weniger and Pfund, 

/ 45. 188: 354: 17. 

(••) Wheeler, /#. 80: 491; 13. Wilsey. 5, 0: 391; 16. (•*) Zakrsewskl 

/55, 8: 77; 10. 


REFLECTIVITY : NON-METALS 


E. P. T. 


CONTESTS 

For reflection of X-rays, eee Vol. VI. Paon 

For fluorescence and phosphorescence, see p. 386. 

Specular reflection. 

Reflectivity 256 

Wave-lengths of maxima of reflectivity 260 

Residual rays 261 

Polarization by reflection 261 

Diffuse reflection. 

Diffusion diagrams 261 

Albedo: white light 262 

Albedo: monochromatic light 262 

Table 1. — Specular Reflectivity 

Tabular values are R » lOOIr/Iij I, ** intensity of radiation 
specularly reflected when intensity of incident rudiation is /<. 
» wave-length at which Rian local mazimum, Rm * value of R 


Tyndall 

at Kmi ||o, ||«, Ik Ilf, [Xfl “ incident light is plane polarized with 
electric vector parallel to optic axis, to a, b, c crystallographic axis 

(X to optic axis], ► ( ] indicates that dE/dX has the 

same sign (is essentially zero] throughout the region covered by 
symbol; {indicates that R lies between the values so ccnnc'‘t«l* 
In most cases, angle of incidence is nearly 0. 

Table is spectrally subdivided; elementary substances are 
indicated by their symbols, others by the following key nuinbers 

(NO: 

Nk Substance | Nk Subst ance ^ 

cs7" 

CH,OH, Met hyl alcohol 
CaHiOH, Ethyl alcohol 
C«H.O», Glycerol 
C*TI«, Benzene 
CtIL, Toluene 


li H*0, Water 
1, HjO, Ice 

a H5SO4 

3 NH«C1 

4 NH«Br 

6 SbaSar Stibnita 


6 

7 

8 
0 

10 

11 
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IS 

IS 

14 


IS 

IS 

IT 

18 

18 

80 

81 

82 


Substance 

CiHu, Xylene 
C|£UO, Cinnamio alde- 
hyde 

Ci^TBr, oi-Bromonaph- 
thdiene 

8iO„ {9ee Vol. VI) 

PbCl, 

FbS, Galena 
PbSOi, Anglesite 
Pb(NO,), 

ZnSf Sphalerite 
ZnSe04 

(ZnFe)S, Zinc blende 
ZnCOa, Smithsonite 
CuS, Covellite 
CujS, Chalcocite 


I Nk Substance 

84 (CuOH)icX)i, Malachite 
80 FeiOi, Hematite 
8t Fei 04 r Magnetite 

87 FeSi, Pyrites 

88 FeCOi, Siderite 
80 (Fe,Ni)Sr Pentlandite 

Co(NH4),(S€04). 
Ni(NH4)i(Se04)* 

80 MoS], Molybdenite 

51 Al,(S04)»(NH*)r.S04.24- 

HsO, Ammoniiun alum 

52 CaFj, Fluorite 

53 CaCOa, Aragonite 

34 CaCOi, Calcite 

35 SrSOa, Celestite 

36 SrCOa, Strontianite 


Nk 

Substance 

|Nk 

Substance 

37 

BaS04, Barite 

46 

Mica (muscovite) 

38 

BaCOa, Witherite 

47 

Porcelain 

30 

BaHgl4.5HiO 

48 

Tourmaline 

40 

NaCl, Rock salt 

49 

Cassia oil 

41 

NaNO, 

60 

Collodion 


LiNa(Se 04 ) 

61 

Kerosene 

48 

KCI, Sylvite 

62 

Naphtha 

43 

KBr 

63 

Paraffin 

44 

KI 

64 

Paraffin oil 


1 

NiKa(Se04)» 

66 

Vaseline (melted) 

46 

Carborundum 




Additional data: (o) Infra-red: Aniline dyes (2®), esters and salts 
of organic acids (**), inorganic salts (**). (6) Aqueous solutions: 

Nitrides (X = 1 to 10>*) (^), inorganic salts ( 22 )^ effect of chlorides, 
nitrates, and sulfates in shifting the water maximum near X = 3>i 

(»). 


Br 


0.185 

0.20 

0.21 

0.23 

0.26 

0.27 

0.20 

0.31 

0.32 

0.33 

0.40 

0.44 

0.45 

0.546 

0.600 

0.645 

6.72 

0.76 


<4 


<4 


Lit. 


(*^) 


0.185 
0 20 
0.21 
0.23 
0.25 
0.27 
0.20 
0.31 
0.32 
0.33 
0.40 
0.44 
0.46 
0.546 
0.600 
0.646 
0.72 
0.76 


Lit. 


Unit of X = 1 m « 10* A = 10** cm 


C 


Te 


1 


8 


9 


10 


12 


13 


14 


16 


26 


21 


I 

17 


30 

30 

30 


50 


63 


40 

50 


40 

50 


(53) 


47 


60 

i 

30 

43 

i 

63 

53 

1 

62 


54 

58 


48 

« 

i 

60 

411 

461 

431 

611 

47 


8t 


3| 


6.0 

9.0 

4.0 

1.0 


3.7 


2.0 


6.5 


4.0 


4.0 


6.0 


4.0 


0.6 

2.0 

4.0 

2.0 

0.8 


6.0 

9.0 

6.0 
2.0 


40 


60 

i 

40 

45 


40 

45 


25 


(12. 15, 

(27, 42, 

(43) 

18, 32, 

49) 


57) 



32 

34 1 

89 


(4») 


(43) 


(43) 


(27, 42, 
43) 


(27, 42, 

43) 


(12, 15, 
32,57) 


(U, 32) 


13 


<4 


<4 


8 


0.5 

2.0 

4.0 

2.0 

0.8 


3.1 


3.2 


2.2 


2.2 


3.5 


2.6 


3.5 


2.2 


3.5 


2.6 


(15, 15, 
53, 57) 


(15, 15, 
15, 15, 
35, 57) 




(»•) 


(27, 45, 


(55) 


(57, 42, 

♦•) 


(43) 


(^») 


(43) 


(43) 


(«) 
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^bstanoe 


ZnSeOi. 

Zii8e04.; 

Co(NH4)i(Se04)» 


Ni(NH4)s(S604) 




> 1 to 21^; incident light polarized (7^) 



R. 

Substance 

11.43 

30 

Ni(NH4)i(8e04)f.— (Conl’d) 

11.48 

18 

LiNaSeO* 

11.66 

9 


11.22 

6 

NiK2{Se04)* •. 

11.12 

5 


11 42 

9 


11.30 

6 



lU 

lU 

lU 



X. 


11.15 

11.42 

11.30 

11.32 

11.66 

11.18 


Rm 


22 to 3 10 m; incident light not polarized 


22 


4S 

44 


6.9 

7.2 

8.5 

6.6 


23 


lit 

6.6 

8.8 

3.8 

6.0 

6.8 

10.2 


65.3 

2.1 

2.3 

3.8 

6.6 


27 


6.2 

35.4 

4.4 


33 


7.2 

7.9 

3.1 

3.8 
5.6 

6.9 

5.6 
73.7 
32.4 

5.7 
83.0 

1.7 
1.6 

3.2 
4.4 


39 


3 1 
51.0 
23.6 
9.2 


, 52 

63 1 

83 

94 

117 

310 

! Lit. 

9.2 

9.3 

10.6 

10.9 

11.1 

12. 7** 

15.1** 

(IS, 70, 74) 
(60) 

16.9 

18 7 

17.7 

17.7 

18.4 

21.7 

(68) 

79.5 

54.7 

32.3 

26.3 

23.4 

19.8 

(69) 

66.1 

66.4 

41.5 

28.8 

24.4 

21.1 

(69) 

6.2 

6.3 

7.5 

• 

8.6 

9.4 

(69) 

23.3 

43.2 

61.8 

71.4 

68.9 

61.8 

(69) 

6.0 

29.4 

63.7 

56.8 

50.8 

36.9 

(38) 

30.3 i 

27.7 

26.5 

26.0 

24.4 

23.5 

(38) 

20.0 ! 

23.6 

24.2 

24.0 

22.2tt 

20.8 

(38) 

18.9 

18.0 

16.0 

15.1 

17.7 

17.8 

(38) 

30.0 

25.2 

21 6 

20.4 

20.6 

19.9 

(69) 

SO. 2 

64.6 

27.6 

24.3 

19.9 

17.9 

(69) 

39.9 

80.0 

37.6 

24.4 

17.4 

14.0 

(69) 

2.2 

18.0 

82.8 

56.3 

21.9 

14.9 

(69) 

2.2 

2.3 

30 2 

76.0 

23.0 

15.8 

(69) 


22 to 310m; incident light plane polarized 



22 


3.2 

2.6 

2.2 

3.7 

6.7 
6.6 
0.84 
1.6 
1.9 


27 



6.4 

6.2 

6.4 
1.6 

2.4 
6.0 
6.9 
6 3 


16.4 

21.7 

30.8 

42.4 


0.6 

2.4 


33.7 

33.9 

29.2 

32.3 


^ At O^, Biim. - Bnm 

TT For X - iia 

Bed tounnBUiia. 


43.7 

56.4 

20.4 

45.5 
20.2 

46.5 
60.3 
67.1 

62.5 


64.5 

8.8 


10.2 

18.9 

24.9 

6.7 

5.7 
8.2 

12 9 

15.0 
6.6 

8.7 

17.2 

24.2 
14.4 

22.1 


39 


36.2 
64.9 

29.0 

32.6 

30.2 

31.0 

66.0 
71.8 

51.7 

29.6 

43.2 

30.6 

14.4 

41.4 

48.0 

50.5 
6.4 
6.9 

22.2 
40.4 

52.1 
21.0 

26.6 


19.9 
24 2 


62 


32.8 
36 3 

79.0 

59.5 

69.7 

39.1 
44.3 

61.2 

42.1 

8.2 

26.8 

67.2 

57.6 

48.7 
62.0 

39.0 

41.2 

40.9 

68.1 
86.0 

66.5 

22.2 

29.9 
16.2 

22.6 
17.3 
23.1 


63 


20.6 

22.9 

76.9 

50.4 

41.6 

31.7 

28.8 

27.4 

29.2 
2.2 

15.9 

33.4 

66.7 

21.9 
42.6 

25.2 

65.5 

56.5 

37.6 

78.9 

38.1 

11.1 
18.1 

16.8 

21.3 
15.2 
17.1 


83 


18.6 

18.7 
41.5 

33.8 

26.7 

26.9 

22.9 

21.4 

24.2 

48.4 

26.2 
54 3 

15.5 

28.5 

25.5 

23.5 

36.4 

13.4 
24.2 

37.7 

28.4 
4 1 


11.7 

17.7 
22.0 

16.8 
22.1 


94 


31.9 

31.7 
22.6 

24.3 

22.7 

27.7 

24.7 

80.8 
68.0 

44.1 

13.9 
27.7 

22.1 
22.1 
45.5 

33.0 

17.4 

26.1 
25.2 

2.9 

8.6 


19.0 

21.6 


110 


17.4 

18.5 


117 


19.9 

28.8 

22.4 


31.3 
63.7 
26.2 

20.3 

20.5 

34.3 
62.2 

29.4 

24.4 

24.6 


29.6 

29.6 
21.1 

23.6 


48.3 

38.6 


36.7 

20.9 

18.1 

22.2 

18.3 

21.3 


310 


17.2 

18.3 

26.7 

25.4 

17.7 
22.3 

19.7 

27.9 

21.8 

28.9 

27.2 
26.6 

54.6 

23.9 

19.1 

19.3 

25.2 

43.3 

26.7 
21.1 
21.6 

38.0 

19.1 

18.1 
21.1 

17.8 
20.0 


Lit. 


( 37 ) 

(37) 

(38) 
(38) 

(«) 

(38) 

(37) 

(37) 

(37) 

(37) 

(37) 

(37) 

(37) 

(39) 
(39) 
(37) 

(37) 

(38) 
( 38 ) 
(38) 
(38) 
(38) 
(38) 

(>^) 

(37) 


->.14.0; At sere. fiuTM » 13.2, Bum - 17.1. 
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Table 2. — Wave-lengths (X*) of Maxima of Speculab 

Reflectivity 

Incident light unpolarized except for ZnSe 04 to NiKi(Se 04 )j 
where data are marked thus: ||«, ||o, ||fr, jl*, (Xo) = plane of electric 
vector is parallel to optic axis, to o, 6, c crystallographic axis, 
[perpendicular to optic axis]. 

Additional Data. — for Nd-compounds, visible (5^); effect of 
water of crystallization on Xm in infra-red, alums, sulfates, selenates 
(®i 77) j aqueous solutions of salts of strong acids (®). Unit of 
Xm = 1 m = 10*"A = 10“* cm. jScc Tables 1 and 3. 


Substance 



( 80 ) 


AgClO,... 
Ba(CIO,), 
KCIO,. ... 
NaClO,.. 


( 


80 


AgBrOi- . . 
Ba<BrO*)i 
CdCBrO,), 
NaBrOi. . . 


(12, 31, 54, 


H,S04 

H,S04* 

BaS04 

BeSOi 

CaS04 

CdS04 

C 0 SO 4 

CUSO 4 

FeS04 

Fe,(S 04 ), 

K,S04 

Li,S04 

MgS04 

Na}S04 

NiS04 

SrS04 

ZnS04 

M(NH4)*(S04),t 

MK,(S04)*t 

K, Alum i 


KHSO, 


CdSe04 

CuSe04 

K 2 Se 04 . . . . 
Mns(Se04)s 
NiSe04. . . . 


ZnSe04- . < 
LiNaSe 04 


Co(NH4)*(Se04)i 

Ni(NH4)»(Se04). 

NiK,(Sc04)* 


HNOi... 

Ai^NOti . . 
Ba<NO«)« 
BgNOi . . 


KNO.. 

NaNO» 


10.76 

16.38 


10.24 


19.6 

10.12 

16.22 


10.04 

16.04 


) 




12.6 

13.1 

12.3 

12.64 


12.3 


13.2 

12.2 
. 61, 76) 



7.2 

8.6 

10.4 

8.6 

9.6 

11.36 

8.9 


15.8 

8.82 

9.08 

16.04 

8.68 


14.84 


9.06 

16.96 

1 

1 

9.05 

9.15 

16.88 

8.83 

9.1 

9.06 

1 

1 

15.92 

8.76 


15.32 

8.70 

9.25 


8.72t 

9.02 

16.08t 


9.04 

15.74 

8.4 

9.1 

15.75 


9.2 



9 

16 


9 

16 


9.04 

16.74 

n 

a 

1 8.21 

1 


U 

11.44 

11.62 

11.20 

11.36 

11.44 

1 



II. 

X. 

11.44 

11.43 

11,48 

• 

11.42 

11.30 

lU 

lU 

II. 

11.56 

11.22 

11.12 

11.42 

11.30 

11.16 

11.32 

11.66 

11.18 

4,78) 

7.86 

10.66 


7.46 


8 

7.3 

13.7 

16.6 

8.06 

12.6 

16.9 

10.08 


7.13 



7.12 

12.04 

14.44 


Substance 


X 4 . 


(11, W, 78) 


Pb(NO,), 

7.72 

13.9 

16.9 

RbfNO,) 

7.24 

12.3 

16.2. 

8r(NO,). 

7.28 

12.36 

15.36 

Substance 


X. 



( 12 , 88 ) 


AIPO 4 

9.26 


9.7 



BiP04 

9.2 to 1( 

).0 

10.9 

16.6 to 18.16 

18.6 to 19. U 

CajfPOi), 

9 6 


LijPOi 

i 

1 

9 26 



16.4 t 

0 19.1 

Mg,(P 04 )i . 

9.4 


10.6 

1 17.1 

NaiPOi 

9 6 


17.5 to 18.0 

Pbi(P04)* 

• 



10.16 

17.26 to 18.7 

SriCPOilj 

8 7 to 9 

.8 



Zni(P 04 )f 

9 4 

1 


16.6 

Na4P40ii 


7.9 to 9.16 

to 11.16 

19.0 

Substance 

\m 

Ag 4 P *07 

9 2 

(35) 

to 11.2 1 

>14.3 to 19.3 


K 4 P *07 

7.75 to 

9.05 

11.2 to 14.8 

18.7 to 19.16 

Na 4 Pt 07 

8.5 

to 10.9 

12.6 to 13.6 

17.4 to 18.7 

Pb.PtO, 

8.0 

to 

8 . 95 I 

9.9 to 11.1 

13.6 

Substance 



1 

X. 



BaCOi 

CaCOiH 

Cu,(CO*),(OH),** 


(CuOH),CO,)tt 


CaMg(CO,),tt 

FeCO,§§ 

MgCO,|||| 

MnCOitll. . ■ . 

Na,CO, 

PbCO,*** 

SrCO.ttt 


(12, 13, 45, 57, 78) 

6 . 86 ' 

6.7 
7.0 

7.2 
6.66 
6.9 

6.8 
6.62 
6.7 

7.0 

7.1 
6.74 


11.6 

11.4 

11.92 


10.64 


ZnCOitU 


11.56 

9.64 

11.6 

11.6 

11.32 

11.42 

11.48 

11.97 

11.6 

11.4 


14.6 
14.2 
14.16 

13.32 
12.14 

14.7 

13.7 

14.0 
14.66 

16.0 

14.32 
13.71 


Substance 



AgiCr04. 
AgiCrjOj 

BaCr04. . 
CaCr04. . 

lCsCr04 . . 
KjCtjOt . 
LiiCr04. . 
MgCr04. 
PbCr 04 .. 
8rCr04 

C.H.O,S8i 


.f 


(11, 57, 78) 

11.46 to 11.96 
10.78 to 11.15 
11.08 11.58 

10.96 

10,88 to 11.10 
10.36 
10.76 
10.90 


11.64 to 11.88 


12.6 


14.06 


11.45 to 11.65 to 12.10 

10.66 to 11.36 to 11.80 
4 8 I 9.7 (®^) 



• H1SO4 + *HtO. 
t Tb«nArdii«. 

t M — Co, Oa, Me, Mn, Nl. or Zn. 

I Ali(804)i.K^*.24Hf0; nemrly •*me X* for otb«r aiun* 
I Witb^to. 

5 Xm for oaidte, marble, and aracooita. 

** Asurite. 

tt Malaobita. ^ .. 

« DoJomite. *- 

It aid 'te ttt fltrontl*®**** 

Rhodoehroelta. 
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Tablk 3. — Wavb-lbngthb of REsmuAii Rats 

After many reflections from a given material the reflected 
radiation contains only a few ("residual”) wave-lengths in the 

range 1 8m to 150m. Unit of^ = 1m = 10* A = 10“* cm. 

Substance ^ 

NH*Cl 46.3 

NHiBr 66.3 

8iO, {see Vol.VI) 

PbCl. 1 74 

TlCl.. 

TIBr, 

TO... 

HgClt 

HgiCl, 91 6 

AgCl 74 

AgBr. . . 

AgCN.. 

MgCO,* 

CaFit 24.0 

CaF.tt 22.0 

CaCO,§ 

CaCO.II 1 93 

CaCO.If 

SrCO,** 1 43.2 

BaCOitt 

Naan I 47 

Naattt 62 

NaBr 60 to 66 

KCIH 62.3 


KCUIJ 

KBr I 74.0 

KBrt 

KI 

Kit 

HaCAl.(8i04)illll I 18.4 


t Fluorit«. 

X Uiins only one rofleotins turfnoe and plane polarised light incident at the 
polarising angle. 

I Marble. tt Witherite. 

I Caldie. tX Rook salt. 

Y Aragonite. M Sylvite. 

Stronilanite. Dll Muscovite (mica). 

TaBUB 4, — POLARUATION OF LlOHT BY REFLECTION FROM LIQUIDS 

When unpolarieed light is reflected at the boundary of two 
substances it is partially polarized;’ if for the reflected light /fl 
[/ j^l — amplitude of component of the electric vector parallel 
(perpendicular] to the plane of incidence^ /j_ > /fl. The angle 
at which (/|//x) ^ ^ minim um is called Brewsterian angla; at 
that angle (/|//_l) ■ k X 10"*, Data apply to clean surfaces. 


Substance 


HiO, Water 

CCI 4 , Carbon tetrachloride 

CSt) Carbon disulfide 

CH^O, Methyl alcohol 

C|HiO, Ethyl alcohol 

CiHcO, Allyl alcohol 

C|H«0, Acetone 

CaHsO^ n- Propyl alcohol . . 
C»HiO» Isopropyl alcohol. 

CiHtOa, Glycerol 

CaHitfO, n- Butyl alcohol. . 
C 4 H 10 O) Isobutyl alcohol. . 


76 

84 

142 

69 

66 

110 

81 

96 

110 

0 

02 

87 


Substance 

C»Hi«, n-Pentane 

C#HiiO, Amyl alcohol 

CiHiNOa, Nitrobenzene 

CeHs, Benzene 

C 7 H 4 , Toluene 

CsHio, m- Xylene 

CtHitf Octane 

CieHitOt, Palmitic acid 

CisHmOj, Oleic acid 

Olive oil 

• Rayleigh (•*) gives for HtO, k — 42. 


170 

150 

131 

107 

194 

202 

66 

190 

210 

107 


Diffusion Diagrams.— When light is diffusely reflected, the 
intensity (/,«) of the light reflected at the angle 6 depends upon 
the intensity (A) of the incident light and also upon the angle (i) 
of incidence, and varies with 0, The distribution of the reflected 
light when the surface is illuminated by a beam of parallel light 
may be shown by a diffusion diagram (Figs. 1 to 4) in which the 
value of (Its) for any value of 0 is represented by a point at a 
distance equal to (Irs) from a common center and in the direction 
e. If /f^ = /ro cos 0, these points will lie upon a circle tangent to 
the surface. Data additional to Figs. 1 to 4: Diffusion by non- 
metals ('. 7, 23, 24, 43, 90), by roughcned mcUls (^^); polarization 

and depolarization by diffuse reflection (*®» ^®). 



X — 0.66m; wait intensity — (Tr»)um. 



Fxo. 2. Diffusion diagram : Rhodamine B on white drawing paper (••). 

Unit Inteiulty - (/.■#)*— lor MgO. Id A, X - 0.66m. - - - X - 0.55m: 

ia B, X ^ 0.65 m- 



Pjo, 3 . — Diffusion diagram: Roughened milk glass (••). 
White light, glaea roughened with emery paper; unit iatenaity •• (/r«)<.«. 














262 


INTERNATIONAL CRITICAL TABLES 



Fio. 4. — Diffusion diagram: Ca804 plaque (•»). 

White light; plastM* of Paria (CaSO«) cast on a glaaa eurface, reBcction from 
the amooth aurface; unit Intenaity • 

Tablb 5. — ALfiEDo: White Light 

A = Albedo =■ K/^; Fr = total luminous flux (in complete 
hemisphere) reflected from a plain surface coated with the material 
and uniformily illuminated with white light, the total luminous 
flux incident upon it being F, Pg = ground pigment; Pt = 
applied and dried paint; w Pg = white pigment. Paints and 
pigments are arranged in the order: Black, white, gray, red, yellow, 
green, blue, purple. Same systetn of key numbers (iV) for Tables 
6 and 6. Unit of A » 0.01 « 1%. 


N 


2 

3 

4 

9 

11 


13 

14 
16 

17 

18 



21 

22 


24 


34 


Substance 


HiO, snow 

H,BO, 

Al/), 

MgO 

HSbQj . . w Pg 

ZnO w Pg 

CaCO* 

MgCO. 

BaS 04 w Pg 

Munsell cards: 

Gray ^9 

N7 

N5 

m 

N1 

Red tH 

tH 

rH 

Yellow y % 

yH 

yH 

Green g% 

gH' 
g H 

Blue bH 

b H 
bH 

Purple pyi 

pH 
p H 

China clay t Pg 

Flat white x Pt 

Gloss white X Pt 

lithopone Pg 

Titanium oxide Pg 

White lead I .. Pg 

Gray, light Pt 

Gray, medium Pt 

Pink, light Pt 

F|, red-brown§ Pt 

F*, red-brown| Pt 



Green 


Blue 


93 * 

94* 

94* 

97** 

89 
91 
96* 

98 

88 

74 

47 

24 

9 

2 

46 

22 

9 

60 

28 

10 

49 

26 

9 

49 

26 

9 

61 

26 

9 

84 

71 

66 

91 

91 

90 
49 
30 
67 

6.37 

6.46 


Lit. 


( 51 ) 

(51) 

(51) 

(26, 51, 55) 
(2*) 

(»*) 

(51) 

(30, 55, 84) 
( 21 ) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59J 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(59) 

(**) 

(**) 

(*^) 

(**) 

(»*) 

( 21 ) 

(**) 

(»*) 

(*') 

(59) 

(58) 


36 

36 

37 

38 

39 

40 

41 

42 

43 

44 
46 

46 

47 

48 

49 

50 


Substa nce 

Red ^ 

Venetian red pg 

Vermilion (Amer.) pg 

Burnt sienna Pg 

Chrome yellow pg 

Yellow, light Pt 

Cream, light . Pt 

Chrome green Pg 

Ai, green§ Pt 

A|, green§ Pt 

Green, dark Pt 

Green, light. Pt 

Cobalt blue pg 

Cl, blue § Pt 

C|, blue} Pt 

Blue, light Pt 

Blue, medium Pt 

Bi, red-purple 5 . Pt 

Bi, red-purple § Pt 

Airship fabric ( AI coated) ... 

Airship fabric (black r.)|| 

Black velvet 

Brown soil 

Green leaves 

Ink (various kinds) 

Paper, white 

Print 

Science abstracts 

Azolf A (matt) 

Azof C (glossy) 

Plaster (raw) I 

Plaster (finished) | 

Cement and lampblack, see (*4) 


I ^ 

13 
11 

14 
11 
66 
66 
74 
20 

32.0 
32.4 
12 
47 

7 

19.6 

19.1 
61 
36 
24.8 

24.6 
33 

6 

ea. 1 
32 

ca. 26 
1 to4 
70 to 80 
60 
62 
72 
74 
46 
66 


I lit. 

(*>) 

(«) 

(«) 

(«) 

(«>) 

(“) 

(«) 

(«) 

(••) 

(«) 

(*‘) 

(»*) 

(«) 

(»•) 

(»•) 

(*‘) 

(*') 

(»•) 

(••) 

(* 0 ). 

(*«) 

( 14 , * 1 ) 

(*•) 

(*. »«.*•) 

(••) 

(*. *■. ”) 

(••) 

(• 0 ) 

(. 0 ) 

(••) 

(• 0 ) 

(. 0 ) 


* Vftlue corrected to ecree with A ~ 98 % for MsCOg. 
t KsoUd. 

t Baaie carbooete. 
f Camouflace paint. 

D Coated with black rubber. 

^ Photographic paper. 


Table 6. — Monochbohatic Albedo 

Ax ** Monochromatic albedo * F\r/F\; F\r » total flux (in 
complete hemisphere) of radiant energy of wave-length X reflected 
from a plain surface coated with the material and uniformly 
illuminated with radiation of wave-length X, the total radiant 
flux of this X incident upon it being Fx» Normal inddenoe: Pg * 
powdered pigment; Pt » applied paint; b * black, gn green, 
gy * gray, w — white, y *■ yellow. Same system of key num- 
bers (N) for Tables 6 and 6. Additional data: Flowers 
paints (*®), pigments (ultra-violet) (^T). Unit of Ax ■■ 0.01 • 
1%; of X - 1/* - 10*k - 10-< cm. 


X 10.2636 0.31 31 10.3666|0. 404710. 4368 


Ax (••) 



13 

24 

26 

27 

28 
29 


Material 


S....... 

ZnO Pg 

Lithopone Pg 

Timonox Pg 

Titanox Pg 

White lead* Pg 

White leadf Pg 



6 

36 

6 

60 

17 


7 

2 

70 



76 

75 

17 

70 i 



* BmIo earbonfttc. 
t Sublimed. 
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X 


,0.44| 

0.46 

0.50 

0.62 

0.54 

1 0.56 

0.68 

0 60 

0.62 

0.64 

|0 66 

: 0 08 

0 . 70 

1 0.74 

N 1 

Material 








Ax (^0. »«) 







9 

37 

38 

39 

43 

MirOt 







1 



1 






Vermilion (Amer.)( 

Pg 

Pg 

Pg 

Pt 

8 

6 

6 

6 

G 

9 

11 

24 

39 , 

53 

61 

66 

65 


Burnt sienna S 

4 

4 

4 

5 

6 I 

9 

14 

18 

20 

21 

23 

24 

25 


Chrome vellow (i 

5 

5 

8 

18 

48 ; 

66 

76 

78 

79 

81 

81 

81 , 

81 1 


Ai. irreenll 


^ 1 

23 

28 

33 

37 ! 

36 

34 

28 

24 

21 

18 

16 

15 

13 

A«. firreenil 

Pt 

1 

1 

22 

38 

45 

36 

31 

27 

27 

27 

28 

39 

54 

67 

17 

50 

B» red'^DurDlell 

Pt 


27 

22 

21 

21 

22 

26 

32 1 

32 

29 

27 

24 

23 

21 

red-Dumlell 

Pt 


28 

23 

22 

23 

22 

24 

28 

31 

33 

43 

58 

70 

■ 76 

47 

Cl, blue II . . .' 

Pt 


36 

29 

25 

22 

19 

16 

14 

13 

12 

10 

9 

9 

9 

Cl, blue 11 

Pt 


37 

39 

28 

18 

15 

13 

13 

13 

14 

22 

37 

55 

1 71 

34 

Ft. red-brown II 

Pt 


4 

1 

4 

5 

5 

* 

5 

7 

9 ! 

11 

10 

11 

10 

10 

: 9 

F*, red-brown II 

Pt 


5 

7 

5 

5 

0 ! 

6 

8 1 

8 

9 

14 

26 

42 

63 


X Effect of thickness (() of MkO applied to colorimeter plate; kind of plate is 


not stated (••): 


t 

1 

0 1 

0.35 1 

0 . 6 mm 

100 A^/A 

t 1 

99.3 

100.0 

100 3 

100 Abliig/ 

101.5 

100 0 

99,3 


I From Sherwin Williams Paint Co. 
y Camouflage paint (**). 



X 


0.6l0.95|4.4 

8.8 

24 

N 

Material 



s 

Ax 


5 

CaO 

w Pg 

: 85 


22 

4 

6 

6 

CojOj 

gy Pg 

3 

4 

14 

13 

6 

7 

CriOi 

gn Pg 

27 

45 

33 

5 

8 

8 

CuO 

b Pg 


24 

16 

1 

4 

9 

MgO 

w Pg 

86 


16 

3 

9 

10 

PbO 

. Pg 

52 


51 

26 

10 

12 

ThO, 

Pg 

86 


47 

7 

10 

13 

t 

ZnO 

y Pg 

82 

86 

9 

3 

5 

13 

Zinc oxide No. 10411 

Pt 

68 

72 




15 

MgCO, 

w Pg ! 

85 

89 

11 

4 

9 

19 1 

Lampblack 

Pt i 

3 

3.4 

3.5 

3.8 

4.4 

19 

Lampblack (various flames) 

1 

1 


1.0 

10 

1.6 

4 

20 

Platinum black, paint 

Pt 

2 

2.7 

5.9 

8.7 

12.1 


Electrolytic, 1 min.**.. . 

! 

1 


1 

1.5 

25 



Electrolytic, 2 to 3 min.** 



1 

1.5 

11 

7.5 


Electrolytic, 3 min. ** (®*) 



1.5 

6 

7 



Electrolytic, 4 to 6 min.** 



1 

1.6 

2 

4 

28 

White lead No. 10311 

Pt 

76 

79 1 


1 


30 

Zinc lead white No, 10711. ■ 

Pt 

70 

1 





f In linseed oil; Sherwin Williams Paint Co.'s number. 

•• Eleot^olytically deposited on Pt (*♦) [on Ag (••)] for time indicated 
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TOTAL (NON -SPECTRAL) TRANSMISSION OF RADIATION 

John W. T. Walsh and H. Buckley 


I l/'l 


X 


for the transmission of long electric waves, X-rays and 
gamma raya are excluded from this section; for the rest of the 
spectrum reliable quantitative data for the total transmission are 
available for only a very few substances. , For spectral trans- 
mission, V, p. 268 and 359. 
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Symbols 264 

Transmission factor, black-body radiation (Walsh) ... 264 
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Absolute intensity: gases 266 

Relative intensity : gases 266 

Polarization of scattered light: gases and. vapors 266 

Relative intensity and polarization : liquids 266 

Effect of temperature: liquids and vapors 267 

STMBOLS 

(r. also Vol. I, p. 16; others defined where used) 

Intensity of radiation incident upon [transmitted by) 

a given plate of material. / = /xdX; /' “S* 

/idx. 

Luminous intensity of / [/']. ^ Ax/xdX. 

Pressure. 

% defect in polarization « 100 w/9. 

Intensity of light scattered by the substance at temper- 
ature t. 

Intensity of light scattered by air at < « 0®C, P ** 760 
mm of Hg [by liquid (CtH*)iO at 36®CI. 

Strongest [weakest] plane polarized component of the 
scattered light. 

Temperature, ®C. 

^ee 8. 

Absorption factor — (/ — I')/! « 1 — t; a, « 1 — t*. 

Reflection losses taken as zero. 

Angle observed light makes with incident beam. 

Angle of view (of incidence) measured from normal to 
surface. 

Visibility factor, -f* ” Ax/xdX. 

Transmission factor « V/I) reflection losses 

being taken ao zero. 

•TRAKBinasioN Factor for Radiation (r) and Light 

(t,) from a Black-Bodt 

T •• temperature of the black-body (®K); x * thickness of trans- 

mitting plate (mm) 

I24wl3600*lfi00oi^00tl3000*l^<>00t| 


/* [/;i 

p 

V 

5i 

s [to) 
i 


fi 

0M 

Ax 


Tabdh 1. 


lOOr 


1 1 


8qb»t*nc» 

aiO, W»t«r 

SiOt. QuatU...... 

NaCl, Rock ult.. 

Sa. Bytrite 

GaFt. Tiuorito. . . . 

QUm, Crow&t<«>« 


* Corr — po n «fa to plain carbon are. 

t Correa p onds to W-fllament Tacuom lamp at 9 Inmans par watt. 

X White liabt; approsiraatelir noon snnUzbt. I Typical data 


lOQai 

O.IOI 0.08 0.07 
1.04[ 0.84 0.74 
Practically sero 
Practically sero 
Practically sero 
PracticaDy sero 
Practically sero 


91 

197 

1.36 

1.38 

1.401 

74 


12.6 

12.6 

12.7 

92 

97 

1.22 

1.26 

1.28 

76 


11.4 

11.6 

11.7 i 


Color Filters for Photometry of Black-Body Sotucei 

Suitable dilutions of stock solutions A and B may be used to 
produce a oolor match between two sources which, in the visible 
spectrum, radiate approximately like black-bodies (**). 

Stock A, yellow: 100 g CoS04(NH4)»SOi.6HtO + 0.733 g 
KtCriO? -|- 10 cm* HNOi(d *=> 1.06) + H|0 to make 1 1 of 
solution. Stock P, blue: 60 g Ni^4(NHi)jS04.6Hi0 + 10 g 
(NH,) 4 S 0 * -f- 66 cm* NH 4 OH (d - 0.90) + H,0 to make 1 1 
of solution. Stock A is to be diluted with HsO; stock B with a 
solution of 10 g (NH4)tS04 in 1000 cm* HtO. For transmission, if. 
Figs. lA, lAi, and 



Fio. 1. — Factorf for solutions A and B. 


Source: Carbon filament lamp at 4 watta per candle. Solution ia t cm thick. 
Unit of concentration (0-1 cm' ctock per 100 cm* of colution. C-l (W^- 
carbon (tungatcnl filament lamp; w. p. h. c. - watte per horiiontal candle; 
w. p. m. e. o. - watte per mean spherical candle. 

A. Multiplication factor for solution A at 20®C. lu \Iu] - luminous laien- 
sity of source * (of sUndard 01 at 4 w. p. o.J; in section 8 IXl, filter is In front of 
standard [of source x]. For 3, t, - Iim/Iu and locit r, - -0.246(0.010***J 

X, r, - Tb/TiM and logi. r, - -0.366(0.01O* «.. Color match: o - Hefnsr 

tamp, b - PenUne lamp, e - W-4 at 1.25 w. p. h. 0 ., d - W-l at 0.65 w. p. 

At. Variation of tranimlasion factor (r^ of solution A with temperatoro. 
Ordlnatca are (r|)i*/(r|)w®. 

B. Tranamisiion factor (r^ of solution B at 20*C.. ri la praoticafly In®** 
p«Dd«nt of UmpCTmtur.: logi. r, - -0,839(0.01C)' «. Color m.toh: a - Wd 
.t 0.8 w. p. m. ,. 0 .. » .. W-l .t 0.88 w. p. m. .. c, « - W-I .t 1.0 w. p. h- 

d - W-l at 1.25 w. p. h. c., s - C-l at 3.1 w. p. h. o. 


Diffusliig MaterUls 

On trsnsmiflsion through s plate of diffusing material, ^ 
opal glass, Ught is scattered in aU directions; the apparent 
ness of the second surface depends on (a) the matcrwl, > 

, and the state of its surface; (b) the angte of incidence of tM 
(c) the angle of view, and the relation between the plane of 

lence and that of the direction of view. 

The a™t (a) is so dependent on smaU vamtioMin 

that only typical data can be given («. *V; **« " 
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In general logic » oue^^ where x is the thickness and a and b are 

constants of the material; for a certain opal glaiw (12) a » —0.282 
and b 0.80 if unit of x is 1 mm. 


09 


r-... 






OB 





1 



07- 

1 



- 

1 

1 

1 


li 

17 

e— 


1 

1 

20 

1 

40 

1 

60 * 



Fio. 2. — Diffuse Cransmission : Variation of- brightness with angle (9) 

of view (*T). 

Opal glass; inddenoe normal <«> • 0). 


09 




1 


f - - 

1 

..A 


06 

1 

1 




s. 

1 

\\ 

V 

1 

1 

1 

1 



1 

— \ \ — 
\ \ 

\ \ 
\ 

\ 

T 

!'«» 


20 


1 

40 


60* 

\ 

\ 

\ 

■ 


Fio. 3. — Diffuse transmission: Variation of brightness with an^e {»>) 

of incidence (**). 

Opal riass; angle of view notTnal (S — 0). Curve A is for rough (depoliehed) 
and B ie for poliebed glaee. 


Table 2. Absolute Intenbitt of Light Scattered Laterally 

BY Dust-fbee Gases and Liquids 

f =■ Luminous intensity of incident light [of light scattered 
at angle ^ to the incident beam); v = volume of the gas which 
participates in the scattering; V. P. — pressure of saturated 

vapor; P, * critifcal temperature and pressure. If ^ 90®, 

Iifi •• Hvlu. 


Unit of P - 1 cm-»; of P 


1 mm of Hg; of X 

<i8®C 


1 A « 10-* ci 



Substance 

760 3030 3.65 X 10-^ 

ta* 760 3340 2.70 X lO"* 

- 27 760 4368 1 .34 X 10-> 

CX>,, hquid 30.6 V. P. 6400 2.79 X lO"* 

~ 9^6 X 10-* 

• Temperature not eUted; probably room temperatura. 


(») 

(«) 

(®» 

(») 

(») 


Tabud 8.-lNT*N6rTT Rblativ* to Aia, OB Light Scattj 

Laterally by Dust-free Gabes 


Pressure (P) =» cc. 1 atm.; room temperature; « 90®; S (iSo) ■■ 
intensity of light scattered by the gas [by air) under same con- 
ditions of t and P. 

Method and source of light: (a) Visual: CJ-arc (®®) for H and 
(CjH6)iO, (b) Photographic: Hg-arc (^» gun ('*); C-orc 

(37, 40). 


Gas 


Air 

A. , 

Hi. 

He 

Kr. 

N,. 


S/Sa 

1 Lit. 

Gas 

S/S. 

Lit 

■Win 


0, 1 

0.93* 

(^) 


C) 

Xe 

5.46 

(“) 


(7, 40) 

NtO 

3.40 

(40) 


(S7) 

CO, 

2.62 

(») 

1.95 

(“) 

(C,H4),0 

26.8 

(40) 

1.02® 

(’) 





* Adjusted; recorded values are < 1 for both N and O 

Table 4. — Polarization of Light Scattered Laterally by 

Dust-free Gases and Vapors 

(For intensity of scattered light, v. Table 3; for variation^with t 
and P, Bee Table 6.) 

Pressure (P) = ca. 1 atra.; room temperature; ^ = 90®; B, P. =« 
temperature just above the boiling point; p ~ % defect in polari- 
zation = 100 w/b. Values by different observers may differ in 
ratio of 2 to 3. 

Method and source of light: (a) Visual: Sun (*» »» lo, 16 , 26 , 29, 
30, 33, 34); C-arc (40) for (C 2 H&)iO. (b) Photographic: Hg-arc 


Gas 



Air 
A 
H, 
He. 
Kr. 

Nj.. 

Ne. 

O,.. 

Xe 

HCI 

H,S 

NO. 

N,0 

NH, 

CO. 

CO, 


m arc (36); 

C-arc (37, 40). 

P 

1 Lit. 

4.3 

(10, 30, 36) 


(11, 37) 

3.7 

(10, 30, 36) 

<6.5 

(37) 


(“) 

3.6 

(10, 17, 36) 


(") 

8.9 1 

1 (»0, 17, 30, 36) 


(”) 


(®®) 


(34) 

2.6 

(10) 


(10, 17, 26, 30, 36) 


(17, 34) 

3.4t 

(10, 34, 40) 


(10, 17, 26, 30, 36) 



CCI4, Carbon tetrachloride 

CS,, Carbon disulfide 

CHCL, Chloroform 

CH4, Methane 

CH4O, Methyl alcohol 

C,N,, Cyanogen 

CiHi, Kthylene. 

C,H 40 ,, Methyl Tormate . . 

CjHe, Ethane 

CiH«0, Ethyl alcohol 

C*H«0, Allyl alcohol 

CtHiO, Acetone 

CiHfO,, Ethyl formate. . . 
C,H«Oi, Methyl acetate. . 


B. P. 
B. P. 
P. P. 
20 

B. P. 
20 
20 

B. P. 
20 

B. P. 
B. P. 
B. P. 
B. P. 
B.P. 
20 

B. P. 
B.P. 


CtiH*, Propane 

CiHfO, tv-Propyl alcohol 

CgHgO, Isopropyl alcohol 

♦ CorreeiioQ for noo-paralleltem of incident lisht redunM « o 

e^. NH. ..a to o.« a; it ^ ,Vi:tT.TJZ 

t By (>•) p * 1.7 for CO. 


2.6 i (14| 29, 40) 

15.0 r(8, 16, 26, 40) 

3.2 (14| 26, 29, 40) 

1.6 

2.7 (16) 

12.0 (40) 

3.0 (40) 

4.6 (l«) * 

1-6 (9) 

1.7 (»•) 

6.2 (>•) 

4.8 (i«i 
3.3 (»•) 

4.8 (t») 

l.e (•) 

2.0 (!•) 

1.9 I (>•) 
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(Continued) 



CiHjjO, Methvl ethyl ketone 

B. P. 

4.4 

(16) 

CtHis, Isopentane 

22.6 

1.2 

C 4 H 8 OJ, Propyl formate 

B. P. 

3.5 

(16) 

C«H Bt, Bromobenzene 

B. P. 

7.8 

C 4 H 6 O 2 , Ethvl acetate 

B. P. 

3.4 

(16) 

0 «Hfcd. OhlornHenjr.pnA 

B P 1 

7 8 

C 4 H 10 , rt-Butane 

20 

1.7 

(0) 

CaHa. Re.n7.pnp 

B. P. 

6.9 

(’ 4 H 10 O, 71- Butyl alcohol 

B. P. 

2.8 

(16) 


CiHioO, Isobutvl alcohol 

B. P. 

1.8 

(16) 

Cyclohexane 

20 

1.1 

C 4 H 10 O, Ethyl ether 

B. P. 

3.0 

(16, 26, 29, 30, 

OnHij. n-Hexane 

B P 

3 3 


1 


40) 


28.5 

1.6 

CfcHio, 2-Methvl-2-butene 

B. P. 

6.1 

(16) 

OrHt. Toluene 

B P 

6 4 

CfcHioO, Methyl propyl ketone.. . . 

B. P. 

3.2 

(16) 

CJtHj#, Heptane 

1 • A • 

B. P. 

3.1 

CfcHioOj, Propvl acetate 

B. P. 

3.2 

(16) 

CiHia. m-Xvlene 

B P 

6 7 

CfcHu, 7 t-Pentane 

B. P. 

3.0 

(16, 30) 

C«Hit. Octane 

B. P. 

2 7 


22.5 

1.2 

(9) 




(•) 

(16) 

(16) 

(8, 16, 86, SO, 

as, 40) 

(SS) 

(16) 

(») 

(16) 

(16) 

(»•) 

(16) 


Table 5. — Relative Intensity and Polarization of Light Scattered Laterally by DusT-raEB LiQtaos 

(For variation with temperature and pressure, v. Table 6.) 

*3 = 90®; S [5,1 = intensity of light scattered by the liquid [by liquid (CiHi)iO at same temperature] If, 12, (7, B * white, red, 
green, blue; subscript i [s] indicates color filter Ls in incident [in scattered] light (if liquid does not fluoresce the value for i » that 
for .‘i). Temperature: 18®C (®» 22 , 23, 24)^ 30®C (2®* 35), 20°C (2®), 35®C (2®). Method and source of light: (a) Visual: Sun 

(8, 1 8, 20, 35, 41 ), C-arc (22), W-arc (23, 24, 25) (/,) Photographic; Sun (29). 


Substance 


HjO, Water 

SO 2 , Sulfur dioxide 

CCbi Carbon tetrachloride 

CSt, Carbon bisulfide 

CHCI 3 , Chloroform 

CH 2 CI 2 , Methylene chloride. 

CH 2 O 2 . Formic acid 

CH^O, Methyl alcohol* 

CjH4Br2, Ethylene bromide 
CjHiCb, Ethylene chloride. . . 

C 2 H 4 O, Acetaldehyde 

C 2 H 4 O 2 , Acetic acid 

CaH 402 , Methyl formate 

CiHsBr, Ethyl bromide. 

C 2 HeS. Methyl sulfide 

CiHeO, Ethyl alcohol 

CjHtBr, Allyl bromide 

CjHiCl, Allyl chloride 

CiHeO, Allyl alcohol. ....... 

CjHaO, Acetonet 

CjHdOj, Propionic acid 

CjHiOi, Ethyl formate 

C>H:Br, Propyl bromide. . 
CjHtCI, n-Propyl chloride. . . . 
CiHrCl, Isopropyl chloride t . 

?^-Propyl alcohol 

CjHtiO, Isopropyl alcohol. 
C 4 HaO|. Acetic anhydride. . , 
Methyl ethyl ketonef 

('iHfcOa. Butyric acid 

Propyl formate 

C4Hp.C) 2, Eth^'l acetate 

C fllylir, I.sobutyl bromide. . 
<' 4 H*CI, Isobutyl chloride 

Ethyl sulfide 

«-Butyl alcohol. . . . 
(%HiuC), Isobutyl alcohol. ;. . . 
f'JIir.O, i^-rt.-Butyl alcohol. . . 

CiHiiX), Ethyl etl>ef 

CfcHio, 2-Methyl-2t-butenc. . . , 
ChHiwO, Diethyl ketone+. . . . 


; 

1 

Lill. 

i w 

1 Lit. 

0.20 

(20, 24, 29) 

9.0 

(6, 18, 20, 23, 29) 

1.70 

(22) 

22.0 

(22) 

1 10 

(20, 29) 

9.0 

(8, 20, 29) 

14.0 

(20, 24, 29) 

70 

(8, 15, 20, 24, 29, 35) 

1.40 

(20, 29) 

20.0 

1 

(20, 23, 29) 

1.24 

(20) 

31 

(20) 

1.22 

(20) 

65 

(20) 

0.56 


8.0 

(20, 22, 29) 

3.42 

(20) 

61 

(20) 

1.44 

(20) 

36 

(20) 

0.89 

(20) 

20 

(20) 

1.19 

(20) 

47 

(20) 

1.09 

(20) 

28.1 

(20) 

1.58 

i(20) 

26.0 

(20) 

1.22 

1 (20) 

12.9 

(20) 

0.60 

(20, 24. 29) 

7.3 

(20, 24, 29) 

3.10 

(20) 

59 

(20) 

1.47 

! (20) 

36 

(20) 

1.22 

(20) 

29.3 

(20) 

0.81 

(20) 

26 

(20, 35) 

1.24 

(20) 

41 

(20) 

1.00 

(20) 

22.1 

(20) 



25.0 

(20) 

1.34 

(20) 

16.3 

(20) 

1.38 

; (20) 

16.2 

(20) 

0.66 

(20, 24) 

8.0 

(20, 24) 

0.60 

(20) 

7.2 

(20) 

1.01 

(20) 

43 

(20) 

0.80 

(20) 

17.4 

(20) 

1.19 

(20) 

40 

(20) 

0.94 

(20) 

21.0 

(20) 

0.95 

(20, 22) 

23.0 

(20,22; 



26.4 

; (20) 

1 69 

(22) 

17.0 

(20, 22) 

1.33 

(20) 

18.2 

(20) 

0.66 

(20) 

11.5 

(20) 

0.76 

(20. 24) 

10.0 

(20, 24) 

0.69 

(20) 

6.2 

(20) 

1.00 


9.0 

(15, 20, 24, 29, 31) 

1.54 

(20) 

25.8 

(20) 

1.0^ 

(20) 

36 

(20) 


p » % defect in polarization » lOOw/s 


IT B. (7< (7. Bi B. Lit. 


9.0 


69 


8.2 


8.6 


68.6 


11.8 


70 


20.0 
47 


6.0 8.0 


7.9 9.6 14.6 9.9 (»®) 


'71 73 (2®) 


6.8 


29.3 


41 

122.1 


18.9 
47 


6.3 


19.4 
47 


7.1 


12.6 7.4 (20) 


121.619.0 (20) 
'48 48 ( 20 ) 


10.6 6.8 ( 20 ) 


29.629.434 31 38 37 (20) 


41 
21.3 


7.6 

7.2 

17.4 

40 

21.0 


11.6 

11.2 

6.2 

9.1 

36 


7.1 

6.0 

16.6 

36 

21.0 


42 

21.6 


42 141.5149 47 (20) 

20.7 19.6 (20) 


9.3 

7.3 
4.1 
8.0 


9.9 

6.7 

18.1 

39 

21.1 


41.644 
18.120.4 


11.0 

11.8 

6.8 

9.3 


18.036.0 


8.3 8.9 


11.0 7.2 (20) 
10.7 7.2 (20) 

26 . 18.2 (20) 
68 55 ( 20 ) 

18.6 17.7 (20) 


14.911.0 (20) 
16.3 9.0 (20) 
9.2 6.6 (20) 
10.9 8.8 (20) 

78 24.9 (20) 
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Substance 

s/s. 

Lit, 

p “ % defect in polarization = lOOu’A 

W 

1 Lit. 

1 w 

P. 

1 R. 


G. 

1 Ri 

1 B. 

1 Lit.' 

C^HioO, Methyl propyl ketone 



19.6 

( 20 ) 

\ 



1 


\ 



C»HjoO,, Propyl acetate 

0.95 

( 20 ) 

21.7 

( 20 ) 









CftHit, n-Pentane 

1.25 

(20,41) 

7.5 

(20, 23) 

• 








CtHit, Isopentane 

1.06 

( 20 ) 

5.6 

( 20 ) 

j 





t 



C,Hi,0, dl-Amyl alcohol 

1 0.74 

( 20 ) 

ill. 9 

1 

, ( 2 ®) 

11 . g 

9.8 

12.5 


'27. c 

no.s 

; ( 20 ) 

C»Hi,0, Isoamyl alcohol 

1 

; 0.84 

1 

, 1 

1 9.0 

(15) 









CeHiBr, Bromobenzene 

4.92 

( 2 ®) 

65 

( 20 ) 




t 





C«H|C1, Chlorobenzene. 

4.1 

(20, 24) 

:54.0 

(20, 22, 23, 24) 

58 

57.5 

58 

61 

61 

56 

55 

( 20 ) 

C*H$NO,, Nitrobenzene 

10.5 

( 20 ) ; 

70.0 

! (20, 23, 38) 




! 

1 



CtHe, Benzene 

3.2 

i (20, 24, 29, ! 

'48.0 

( 8 , IS, 18, 20, 24, 25, ' 

47 

47 

47 

'48 

48 

50 

51 

( 20 ) 



32) 

f 

29, 32) ' 




1 


1 


C*H 7 N, Aniline § 

3.42 

( 20 ) 1 

60 

( 20 ) 









CeHioO,, Propionic anhydride 

1.41 

( 20 ) 1 

44 

( 20 ) 









CftHit, Cyclohexane 

0.87 

( 2 ^) 1 

8.0 

(24) 






1 

1 



CeHi 4 , Hexane 

1.05 

( 2 ") 

10.0 

(20, 24) 






1 



C 7 H 4 N, Benzonitrile 

4 


,65.0 

(38) 









1 

CtHsCI,, Benzal chloride 

3.21 

( 20 ) 

55 

! ( 20 ) 

55 

1 

52 

55 



71 

53 

( 20 ) 

C 7 H 7 CI, Benzyl chloride 

3.50 

( 20 ) 

58 

1 ( 20 ) 

58 

56 

61 


1 

73 

54 

1 ( 20 ) 

C 7 H 7 NO,, o-Nitrotoluene§ 

9.4 

( 20 ) 

82 

1 ( 20 ) 


1 




1 

1 

1 

1 



C 7 H 7 NO,, m^Nitrotolaene§ 

9.8 

( 20 ) 

:83 

( 20 ) 

4 




1 




C 7 H 8 , Toluene 

3.5 

(20, 24, 29) 

,51.0 

(15, 20, 24, 29) 

62.5 52.552 

55 

51 

57.5* 

59 1 

( 20 ) 

C 7 H 8 O, Benzyl alcohol 

2.93 

1 

( 20 ) 

'65 

( 20 ) 

!65 

' 

62 

63 

1 

67 

!66 

( 20 ) 

C 7 HU, Heptane 

1.00 

1 

( 20 ) 

, 11.0 

(20. 25) 



1 






CsHio, Ethylbenzene 

3.18: 

( 20 ) 

;53 ' 

! ( 20 ) 

Iss 

64 

53 

53 

55 ’ 

53 

59 

( 20 ) 

CfHio, o-Xvlene 



,40 

1 ( 20 ) 

'40 

40 

38 


'42 ' 

41 i 

( 20 ) 

CsHio, m-Xylene 

3.87 

( 20 ) 

57 

' ( 20 ) 

t 1 

57 

56 

60 


4 

64 

61 

( 20 ) 

CJIio, p-Xylene 

4.61 

: ( 20 ) 

|66 

( 20 ) I 

66 

66 

67 


67 : 

68 

( 20 ) 

C«Hio, 0 -, m-, p-Xyler.ci| 

3.55 

(24) 

52.5 

(24) 

1 




1 




CsHuO,, Isobutyl butvrate 

1.35 

( 22 ) 

!i7.3 

( 22 ) 






1 

4 

4 


C^Hia, Octane 

0.96 

( 20 ) 

12.9 

f 

( 20 ) 






1 



C,HioO,, Ethyl benzoate 

6.5 

( 22 ) 

i55 

( 22 ) 



I 






CJ 0 H 7 CI, a-Chloronaphthalene . . . . 

18.2 

( 22 ) 1 

78 i 

( 22 ) 









CioH,, Naphthalene 

V , Table 6 







1 

> 



SiCL, Silicon tetrachloride. . 

^ w » ^ . 

1.131 (20) 

6.8 

( 20 ) 




1 

J 

; 




* Liquid became dark brown, t Showed tendency to decompoee. { Background not perfect. ( Not quite free from du 3 t par tides. || Mixture of xylenes 


Table 6. — Intenbity and Polarization of Light Scattered 
BY Dust-free Liquids and Vapors: Variation with 

Temperature and Pressure 

Sat. vap. saturated vapor; Unsat. = unsaturated vapor; 
O » vapor above critical temperature; G 4 = G at constant density, 
d; V. P. =s pressure of saturated vapor; [jSo], [* 5 . 34 ] = intensity 
of light scattered by the gas at f,°C, P - 1 atm. [by the gas at O^C 
and P « 1 atm.], [by liquid (C,H*),0 at 36‘’C]; p = % defect in 
polarization. Unit of P « 1 atm. ’ 


CO, (*•) 


G.f = 

' 36*C 

G 4 , 

1 1 

, d * 0.320 

- 1 ^ 1 r 

Unsat., t = 30®C 

61 

290 

40 


1 

620 

68 

1 1 078 

1 

67 

680 

50 


1 

410 

Sat. vap 

» 

72 

1 170 

Unsat., , 

t = 30*C 

(, *C 

SJSo 

V 

77.5 

3 200 

P 

S,. 

/So 

P 

5 

102 


81 

4 230 

15 


22 


10 

195 


87 

^ ^ 1 

1 760 

20 


33 


15 

347 

5.8 

91 

1 430 

30 


54 

9 

20 

567 

4 



40 


83 

8 

24 

1 030 


Gd, d * 0.320 

1 

50 


140 

6 

26 

1 190 

3 


5i/5o 

56 


197 


' 26 

1 890 


32 

4 550 

60 

307 

4.6 

28 

3 560 


35 

2 730 

66 

665 

4 

30 

8 000 

1.5 



COj. — {Continued) 


i. ®C 
5 
10 
15 
15 
15 
15 
15 
20 
20 
20 
23 
25 
25 
25 
25 
25 
25 
25 
27 

29 

30 

30.5 

30.5 

30.5 

30.5 

30.5 

31 


Liquid 


p 

V. P. 
V. P. 
V. P. 
51 
68 
76 
82 
V. P. 
80 
92 
V. P. 
V. P. 
V. P. 
68 
74 
83 
90 
92 

V. P. 
V. P. 
V. P. 
V. P. 

72.5 

76.5 
84.0 

86.5 
V. P. 


SxfS^ \ p 
360 
480 14 
680 10 
663 
522 
470 
428 
090 


1 

1 

2 


280 

880 

100 


8 

10 

13 


1 650 
1 200 
778 


600 
2 950 
6 200 
11 000 
22 500 
5 480 
2 610 
1 097 
940 
35 000 


9 

3 

3 


C 4 H 10 O, Ethyl 
ether (3t) 


r, ‘’C 

1 SdS.4 

Q 

194 

378 

196 

172 

108 

126 

200 

84 

202 

64 

212.6 

27 

217 i 

21 

Sat. 

vap.* 

i, °C 

St/S.t^ 

33 

0 . 038 

54 

0.075 

75 

0.150 

91 

0.22 

108 

0.45 

123.5 

0.71 

144.5 

1.31 

164 

2.7 

170.5 

3.9 

179.2 

9 1 

183 5 

13.0 


CiHioO. — (C ontd) 
Sat. vap.* 


f, 

186.5 

190 

191 



<, °C 

Liquid 

33 

1.00 

61 

1.23 

80 

1.85 

91 , 

1.90 

104 

2.3 

125 

3.0 

139 

3.8 

1 145 

4.9 

: 153 

6.3 

; 170 

12.0 j 

: 179 

22 i 

185 

38 ; 

1 190.5 

82 1 


8 

8 

7 

7 

7.5 

5 

3 

1.7 

17 

13 

1.3 


■ ■ From t = 160 u* 

'■ 2fX)'-C. p varies from 1 .3 


to 10: no change in 
puhf-iriif ihrouirh t-riiical 
ternp^ rat -.r' 
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C fcH 1 a,n“Pentane (^ ' ) 

f, "c i St/s.^, 1 
G 

P 

200 

48.6 


203 

30.8 


210 

20.8 


214 

16.2 



Sat. vap. 


87 

0.235 


126.2 

0.73 

1 

137 

1.20 


146 

1.96 

2.6 

149 

2.10 


154 

2.42 


156.4 

2.66 


167 

3.90 

2.0 

172 

5.88 


183 

13.4 

1.5 

187 . 

17.8 


189 

22.1 


190.5 

23.3 


193 

30.8 


196 

70.8 

1.5 



C (Hif. — (CorU'ci) 
i, °C 1 S,/S.„ 1 p 

Liquid 


36.5 

1.61 

7.2 

80 


7.2 

86.6 

2.84 

6.7 

103 8 

3.40 


117.0 

4.26 

6.2 

128.0 

5.36 

6.2 

138.0 

6.37 


148.6 

8.18 

1.7 

156.8 

9.10 

1.5 

173 


1.6 


C.H*.— (Con/’d) 
^°C|Si/5.„l P 


Liquid (32) 


35 

3.2 

43 

125 

3.67 

32 

182 

5.48 

19 

206 

7.21 

14 

228 

11.0 

9.6 

268 

20.6 

3.0 

283 

102 

2.8 





f,^C 

St/Sid 

P 




Liquid (**) 




0 

1 

49 1 

CftHi, Benzene 

6 


m 

Sat. vap. (32) 

10 


48 

36 


7.2 

20 

1.00 

49 

100 


6.2 

100 

1.33 

39 

182 

0.95 

3.5 

200 

2.40 

15.4 

204 

1.56 

3 4 

250 

6.0 i 

6.1 

228 

3.00 

2 5 

260 

1 

10.7 : 

4.5 

247 

4.9 

2.0 

270 

19.4 

1 

2.6 

267 

11.9 

1.: 

280 

62.0 ! 

16 

280 


0.9 

tUnder-cooled.t M.P. 


CrHu, Heptane 


® C | 

1 j 5</ jSio 

1 P 

yquid (2 S ) 

20 

1.00 

12.7 

100 

1.30 

10.0 

200 

3.97 

3.8 

225 

6.8 

2.6 


CtHu.— (C ofU’d) 

t. “C I S|/S,0 I p 

Liquid (ss) 


240 

10.1 

2.0 

250 

13.4 

1.7 

260} 

16.8 

1.65 

2705. 

28.1 

1.66 


CicHi, Naphthalend 

<, **C I S,/5„| p 
liquid (») 


to 

1.00 

71.0 

200 

1.04 

63.6 

300 

1.30 

41.0 


( At oritioal temperature 8t/Su is very great. 
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SPECTRAL ABSORPTION OF LIGHT AND HEAT BY PURE INORGANIC SUBSTANCES 

AND MISCELLANEOUS MATERIALS (NONMETALS) 

Jean Becquerel and J. Rossignol 


Order of 5 td»«fance 3 .— Atmospheric air, elementary substances, 
pure inorganic compounds, minerals of variable composition. 


Absorption op Atmospheric Air 

w = equivalent thickness of liquid H*0 in a column of air 117 m 
long {P - I atm., i < 40®C) = volume of liquid HjO obtained by 
condensing the HiO vapor contained in a colunm of air of unit 
sectional area and 117 m long. O =» opacity of the atmosphere 
(source of light at aenith) = h/h; /<[/,] = intensity of ra^aticn 
beyond atmosphere [at surface of earth]. I = Ice w(io)'*j / « 
length of path in which intensity is reduced from /o to /. All /’s 
refer to radiant energy, not to its visibility. 

Unit of Jfc(10)» == 1 cm->; of 1 =* 1 cm; of w = 1 cm; of X *= 1/* - 

lO^A « 10"^ cm. 


Dry air ('*), to ™ 0, n 
0.186 I 4.82 I 


-3 


Moist air (^), n = —5 


w 

0.008 

0.082 

X 1 

A; 

jb 

1.3 to 1.75 

0.54 

1.7 

1.76 to 2.2 

1.25 

2.9 

2.2 to 3.2 

2.3 

4.5 


w 

0.008 

0.082 

X 

k 

'k 

3.2 to4.0 

2.1 

3.95 

4.0 to4.9 

3.3 

6.9 

4.9 to 6.4 

1.7 

4.7 

6.4 to 5.9 

6.4 

16 

6.9 to 6.4 

8.7 

30 

6.4 to 7.0 

9. ‘8 

30 

7.0 to 8.0 

2.6 

8.3 


Moist air (^), n —5 
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Absorption of Pure Non-Metallic Jnorqanic Substances and 

Minerals 

I = { = length of path in which intensity is reduced 

from /o to /; / and It refer to radiant energy, not to its visibility; 
d — density. For metals, v. p. 248. 

Unit of A:(10)* = 1 cm'*; of f = 1 cm; of P = 1 mm of Hg;of 
d - 1 g cm-*; of \ = 1/1 = 10*A = 10"* cm; I is °C. 

(*^)i f = 16°i Br. — {Cant’d) C. — (Continued) 

P-66, 2 X fc X k 

'*• k . 0.510 61 ±1 0.430 11 

0.356 10.6 ±0M .567 19.6± 0.4 . 550 <1 

.3641 22.4 ±0.2 1= 620“ .600 3 

.3713 38.9 ± 0.4 0.344 18.3 + 0.4 

.3838 75.3 + 0.8 . 358 37.6 + 0.8 C, Graphite (3T)t 

.3900 98 +1 .379 74 +1 0.430 1456 + 26 

.4009 129 +1 .395 97 + 2 . 450 1410 + 25 

.4070 136 +1 .420 113 + 2 . 500 1306 + 25 

.421 135 +1 .433 113 +2 .560 1225+20 

.433 128 +1 .459 97 + 2 . 600 1155 + 20 

■ 449 112 +1 .484 74 +1 .650 1110 + 16 

.487 76 + 4 . 530 37.9 + 0.8 . 700 1070 + 15 

610 67 +3 .577 16 3+0. 3 

.626 38 + 2 C, Amorphous (*®)t 

•646 23 +1 C, Diamond (**)• 0.430 198.0 + 1.0 

.672 12.1+0.6 0.226 1477 . 460 188. 0 + 1,. 0 

• 608 31 + 0:2 .2318 678 .480 174.6 + 1.0 

< = 320“, .256 74 + 1 .600 166 0 + 1.0 

0.354 21.3 + 0.4 . 275 69 + 1 .630 155;5 + 1.6 

.377 65 +1 .300 43 + 1 .650 149.6 + 1.6 

•406 115 + 2 . 320 32 + 1 .680 141.5+1.0 

.428 122 + 2 . 360 21+2 . 600 137.0 + 1.0 

■ 439 115 +2 .380 16 + 1 .630 131.6+0.6 

•471 85 +2 .400 12 •n--2. tn- + 3. 



I, Solid (» T), 
n = +3 
^ k 

0.325 318 

. 360 462 

.400 466 

. 440 437 

'.470 384 

.510 300 

.590 120 


1, Gaa 

t 

10 OOOrf 

X 

0.440 

.446 

.460 

.455 

.460 

.465 

.470 

.476 

.480 

.485 

.400 

.495 

.600 

.506 

.610 

.515 

.620 

.526 

.530 

.535 

.540 

.545 

.650 

.655 

.560 

.666 

.670 

.676 

.680 

.586 

.690 

.595 


(32), n = -2 

48^* 88® 400® 

0.264 2.6 2.5 

k k k 

0.8 

4.0 

6.5 19 

9 23 

10 13 27 

12 17 32 

13 22 37 

15 29 45 

16 40 65 

17 54 64 

19 64 68 

20 71 71 

21 75 72 

20 77 71 

19 76 68 

16 68 60 

14 52 48 

13 42 38 

13 36 35 

13 32 34 

14 29 34 

14 27 33 

14 26 31 

16 25 29 

16 24 26 

14 23 23 

13 22 21 

11 21 20 

9 20 19 

8 18 20 

7 16 20 

14 


= 760, n 
X k 
0.186 109 


0", 

t —5 


0,(13), t - 0" 

P = 760, 3 

0.186 20.6 
0.193 3.35 


O,, P - 760 it + 
273)/273, n *= 0(35) 

t 1220® 1400® 

X k k 

0.210 0.33 0.73 

.220 0.26 0.50 

.230 0.19 0.32 

.239 0.13 0.22 

.254 0.06 0.13 

t 1680® 1760® 

X k k 

0.210' >4.5 >4.5 

.220 0.92 1.77 

.230 0.64 0.97 

.239 0.37 0.67 

.254 0.21 0.42 


O,, Ozone, t 

P ~ \f n - 

>. k k 

(I.) (ij, 

0.193 26.9 
.200 17.9 
.210 26.4 
.220 44.3 
.2.30 112 
.240 241 260 

. 250 284 374 

. 264 430 

.260 291 


= o^ 
0 

k 

(») 


.265 


341 

.270 267 174 

.280 169 112 

. 290 89 56 

.300 69.8 18 

.310 

.320 

.330 

.340 


115 

219 

276 

276 

209 

106 

38 

10.6 

2.83 

0.81 

0.21 

0.06 


S, Gfts (>>), <=450°, 
d = 67 X 10-», 


n 

= -2 

X j 

k 

0.435 

27 

.460 

20 

.500 

15 

.550 

7 

.610 

<0.5 


Se, Vitreous, 
n = +3 
X k 

(”) ( 


0.260 

.275 

.300 

.325 

.360 

.400 726 
.415 660 
.425 594 
.440 525 
.470 460 
.490 382 
.510 

.515 273 
.550 176 
.590 95 

.640 47 

.670 

.710 21 

.760 10 


k 

613 

611 

652 

580 

480 

380 


300 

252 

203 


95.5 170 
47.1 

84 


.710 21.4 

.760 10.1 

Se, Gas (M), t « 
700°C, d = 10,9 X 
10-*, n * -2 


X 

k 

0.435 

43 

.450 

39 

.510 

23 

.525 

19 

.580 

<0.5 


H, 0. 

X 

I. 404 
1.45 
1.50 
1.80 
1.85 
1.885 
1 . 935 
1.97 
2.0 
2.55 
2 . 585 
2.618 
2.65 


(Conrd) 

k 

19 3 
114 
4 2 
3 : 

18.7 

25.8 

18.8 
12 0 

3.6 

25.8 

64.4 

90 

59 


H,0, liquid ( 12 ), 
n = —2 


H,0,Gas(3),< « 0°, 
F - 760, n - -3 
1-35 4.6 

1.37 8.7 


n = 
0.186 
.193 
.200 
.210 
.220 
.230 
.240 
.260 
.300 


68.8 
16.6 
9 0 
6.1 
5.7 

3.4 
3.2 

2.5 

1.5 


n = -3 

X *(>) *(*)*(»; 

0.415 0.35 

.420 0.32 

. 430 * 0.23 

.440 0.’6 

.450 0 . 200.12 

.460 0.11 

.470 0.12 

.480 0 . 200.13 

.490 0.14 0.02 

.500 0 . 200.15 

.510 0 . 220.16 

.520 0 . 180 . 180.02 

.530 0 . 080 . 190.03 

. 540 * 0.09 0.21 0.11 


.650 
.560 
.670 
. 680 * 
.590 
.600 
.610 
.’620 
.630 
.640 , 
.660 
.660 
.670 
.680 
.690 
.700 
.710 
.720 
.730 
.740 
.75 
.80 
.85 
.90 
.95 
.995 
1.05 


0.36 0.23 0.26 
0.30 0.27 0.40 
0.20 0.33 0.43 
' 0 . 260 . 420.50 
0 . 780 . 700. 89 

1.60 1.07 1.65 

1.90 1.18 2.20 
2.12 1.24 2 .40 
2.24 1.30 2.50 
2 35 1 . 372.75 

2.60 1 . 483.05 
2.80 1.62 3.25 

3.00 1.83 
3.40 2. 10 

4.00 2.50 
6.50 3.00 

7.90 3.90 

11.5 4.70 

17.6 5.70 

23.0 

24.1 

20.4 A 1 \ 


416 


(*) 

69 

161 

311 

472 

368 


* Liquid HtO, (!•; 
n — — 3 . 

X 0.4358 0.5461 0.6780 
k 0.12 0.34 0.64 
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38.4 


H, 0. 

n 

X 

1.05 

1.085 

1.095 
1.13 
1.17 
1.21 
1.243 
1.25 
1.281 

1.30 

1.35 

1.40 
1.45 

1 475 
1.50 
1.56 

I . 60 
1.677 
1.708 
1.75 

1.85 
1.90 

1.95 

1.956 1123 
1.97 

2 00 
2.08 
2 10 
2.147 
2.15 
2.237 

2.30 

2.35 

2.40 


-{ConVd) 
= 0 

*(') 


HsO. — (Conf^d) 


0.188 


1.22 


1.17 


11.4 


27.8 


2.14 

3.05 
20.1 
29.9 

26.4 
15.0 

9.2 

5.2 

7.6 
12.7 

31.5 
86 

104 
70 

35.6 

31.6 

24.7 
19.6 
25 9 
33 0 
40.3 


n ^-2 


X 

2.6 

2.6 

3.0 

3.02 

3.2 

3.4 
3.6 

3.93 

4.5 

4.70 

5.27 
6.42 
6.47 

5.8 

6.0 

6.09 

6.2 

6.6 
6.73 
6.765 
6.92 
6.955 

7.0 
7.11 
7.276 
7.41 
7.44 
7.40 
7.645 

7.66 

7.70 
7.83 
7.88 

7.94 

8.0 

8.066 
8.13 
8.16 
8.22 

8.28 
8.38 
8.43 
8.49 
0.0 

10.0 


*(») 


27.3 


2.04 

5.45 

3.08 

3.42 

3.36 


5.32 

22.4 
73.3 

166.4 

14.4 

4.9 

4.47 


26.3 


8.7 

6.8 
8.2 
8.3 

8.2 

8.45 

7.9 
8.1 
8.0 
8.1 

7.65 
7.85 
7^ 
7 '76 

6.9 

7.85 

7.66 
7.85 
7.16 
7.65 
6.05 
7.65 
7.26 


0.1 
21.4 

20.0 

10.3 


8.9 


7.56 


X 

* (>) 

*(•) 

Jfc(») 110 


12.0 

0.368 12.0 


25.9 

0.333 13-9 


28.9 

15.0 


35.7 

0.60 1 ® 9 


29.9 

1.12 24 

> 0.46 


1.30 52 

> 0.46 


61 

> 0.46 

( 10 ) 

1.24 198 


4.23 

314 


2.42 


HBr,Gas(33);<^.(38) 

i = 0°, P = 760, 
n = -3 


7.0 

7.05 


X 

k 

0.207 

44 4 

253 

3 20 

HI. Gas (34)jc/. (3«) 

t == 

0° 

P » 760, 

n = -3 

0.207 

62.2 

.253 

29.0 

SOi, Gas (* 

), t = 0». 

P = 760, n « 0 

0.220 

57 

.2225 

18.6 

.280 

32 

.286 

35.5 

.290 

39.6 

.295 

42.6 

.300 

41 

.306 

34 

.310 

20 

.315 

6.3 

.320 

4.0 

NO, Gas (1 

*),< =0% 

P - 760, 

n « -3 

0.200 

142.2 

.210 

96.1 

.220 

84.1 

.230 

62 1 

.240 

24.0 

.250 

3.18 

.300 

0.80 

CO„ Gas («*),« -0°, 

P * 760, 

» - -3 

0.186 

7.64 

.193 

2.13 

.200 

0.95 

n » — 

3 (39) 

1.96 

0.3 

2.12 

0.3 

2.28 

0.03 

2.40 

1.7 

2.60 

5.7 

2.60 

11.5 

2.70 

13.4 

2.80 

11.4 

2.90 

6.5 

3.00 

2.7 

3.10 

1.1 

3.20) 


3.80/ 

< 0.01 

3.90 

1.3 

4 0 

4.1 


COr-(CoTU^d) 


X 

k 

4.10 

12.0 

4.20 

33.6 

4.26 

60 

4.30 

61 

4.33 

63 

4.36 

60 

4.40 

38 

4.45 

27 

4.60 

20 

4.60 

11.2 

4.69 

1.2 

CS„ Liquid (35), 

n * 

t 0 

24 

6.1 

52 

0.20 

61 

0:30 

SiO,, V. Vol. VI 

AgCl (35), „ ^ 0 

24 

4.8 

52 

>27 

61 

>27 

AgBr, Fused (3>), 

n = 

+3 

0.360 

6 7 

.370 

6 0 

.380 

3.8 

.390 

2.79 

.400 

2.00 

.410 

1.38 

.420 

0 90 

.430 

0.60 

.440 

0 41 

.460 

0.27 


Agl («), n 

X 

0.216 


+3 


.220 

.226 

.230 

.236 

.240 

.246 

.250 

.255 

.260 

.266 

.270 

.2712 

.276 

.280 

.285 

.290 

.296 

.300 

.305 

.310 

.316 

.3191 

.320 

.326 

.330 

.335 

.340 

.345 


86.3± 1.9 
88 . 0 ± 2.0 
87. 7± 2 0 
88 . 6 ± 2.0 
88 . 8 ± 2.0 
96. 3± 2.1 
99. 6± 2.1 
± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 


102 

104 

113 

138 

276 

282 

259 

236 

220 

208 

198 

188 

179 

171 

167 

167 

167 

166 

158 

144 

124 

117 


± 

± 

± 

± 

± 3 
± 3 
± 2 


2 

2 

2 

3 
6 
6 
6 
6 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 


X 

k 

0.360 

111 ± 2 

.366 

104 ± 2 

.360 

101 . ±2 

.366 

98 ± 2 

.370 

96 ± 2 

.376 

93 ± 2 

.380 

90 ± 2 

.386 

88 ± 2 

.390 

87 ± 2 

.396 

86 ± 2 

.400 

85 ± 2 

.405 

85 ± 2 

.410 

88 ± 2 

.415 

101 ± 2 

.420 

128 ± 3 

.4227 

138 ± 3 

.425 

117 ± 2 

.430 

33 ±10 

.436 

10 ± 3 

.440 

6.1± 1.5 

.445 

3.1± i.o 

.450 

1.1± 0.3 


CaF,. 

X 

n e 


'(CoTU*d) 

I * 

0 («) 


Fej 04 , Magnetite 

(»<), n 

- +3 

X 

k 

0.440 

242 

.460 

222 

.480 

201 

.600 

183 

.520 

169 

.540 

158 

.660 

160 

.680 

146 

.600 

138 

.620 

133 

.640 

126 

.660 

118 

.680 

109 

.700 

98 

P^tOi.CuO, Cupro 

ferrite (l^) 

. n « ±3 

0.440 

270 

.460 

230 

.480 

200 

.600 

179 

.620 

162 

.540 

146 

.660 

118 

.680 

90 

.600 

80 

.620 

72 

.640 

64 

.660 

56 

.680 

47 

.700 

4 

CaFt, Fluorite 

n - 0 (5») 

0.186 

0.22 

n - 0 (*«) 

6 

<0.01 

8 

0.17 

9 

0.61 

10 

1.8 

11 

4 

4.6 

12 

>7 


24 

52 

61 

>8.6 

6.7 

5.02 

CaCOi, 

Calcite 

n « 0 (*3) 

0.215 

3.36 

.230 

1.26 

.240 

0.58 

.260 

0.40 

.260 

0.29 

.270 

0.20 

.280 

0.16 


0(15) 


NaCl. — '(CofU*d) 
X I k 
n - 0(*T) 


1.02 

1.26 

1.45 

1.72 

2.07 

2.11 

2.30 
2.41 
2.53 
2.60 
2.66 
2.74 

2.83 

2.90 
2.95 
3.04 

3.30 
3.47 
3.62 
3.80 
3.98 
4.36 
4.52 

4.66 

4.83 
5.25 

n 

2.49 
2.87 
3.00 
3.28 
3.38 
3.59 
3.76 

3.90 
4.02 
4.41 

4.67 

4.91 
5.04 
5.34 

5.50 


0.00 
0.00 
0.00 
0.03 
^.13 
0.74 
1.92 

3.00 
1.92 
1.21 
1.74 
2.36 
1.32 
0.^0 
1.80 
4.71 

22.7 

19.4 

9.6 
18.6 

00 

6.6 
14.3 
11.6 

6.1 
8.0 

0 (lO) 

0.14 
0.08 
0.43 
1.32 
0.89 
1,79 

2.04 
1.17 
0.89 
1.07 

2.40 
1.26 
2.13 

4.41 

12.8 

for ordinary and 
for extraordinary ray. 

ITaCl, Rock salt 
n - 0 (*») 


6to8 

<0.001 

9 to 11 

0.005 

12 

0.007 

13 

0.024 

14 

0.071 

15 

0.167 

16 

0.41 

17 

0.66 

18 

1.29 

1 

19 

2.34 

20.7 

5.1 

n - 0 (»») 

24 

10.7 

52 

>16 

61 

• 

>16 

KClj Sylvite 

n - 0 (*f) 


10 

0.012 

11 

0.010 

12 

0.005 

13 

0.005 

14 

0.025 

15 

0.047 

16 

0.066 

17 

0.081 

18 

0.148 

19 

0.277 

20.7 

0.635 

24 

1.86 


Biotlte (>»), n - 0, 


t * 
1.62 
1.82 
2.25 
2.76 
2.91 
2.96 
3.0 
3.04 
3.12 
3.22 
3.85 

4.06 

n ■« 0, < 
1.60 
1.80 
2.21 
2.72 
2.92 

3.0 
3.19 
3.4 

3.6 
3.8 

4.01 


25* 

42.0 

19.0 
8.1 
6.8 
6.2 
6.1 

4.7 

4.6 
4.2 
3.4 

3.6 

3.8 
. 250“ 

63 
42 
34 
22 
19 
17 
16 
13 
12 
10 
11 


0.186 

.210 

.231 

.280 


0.36 

0.26 

0.15 

0.046 
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SPECTRAL FILTERS 

K. S. Gibson 


The filters here considered cover the spectral regions commonly 
designated as ultra-violet (UV), visible (v), and infra-red (IR). 
The numerical data are based on quantitative measurements, but, 
owing to the variability of much of the material or to the insuflS- 
ciency of the details given by the authors, they are, in general, to 
be considered as illustrative only. As a rule, only such glasses, 
crystalline material, and simple, well-known substances as have a 
relatively sharp transition between the regions of free transmission 
and of strong absorption are noted. Many of these filters, 
especially those having selective transmission between X = 0.3^ 
and 0.7^, can be practically duplicated by means of dyes and other 
solutions. 

Filters 

Spectral filters may conveniently be divided into three classes: 

Class 1. — Strong absorption if X is less than a certain value, 
V, and free transmission over a wide adjacent range where X 
> X«. 

Radiation in range 0.002^ < X < 0.12 m is not transmitted by 
any solid or liquid; of ordinary gases, Hj is the most and Oi is the 
least transparent in this region (^*). The XJV-limit of trans- 
mission of air is near that of HtO (X^ of Wi, ca. X = 0.17m) (^*)- 
Curves similar to those of Fig. 1 may be obtained between 0.2m 
and 0.36m by use of organic, liquids (*» between 0.3m and 

0.7m by use of solutions or of dyed films of gelatin (*®), and in IR 
(4, 40, 46) by uae of thin layers of lampblack or various thicknesses 
of black paper or cardboard. 


‘ ^ I ‘It I ■ I f * 

Ullfd viOkt Violet &lu« <>feen YpMow Or*ng« 



Fio. 1. — Filten of Clftsa 1: Transmiftsion near \c. 

_ Pw deocripUoM of 61tere. m Table 1; C U of Claee 2. For Fi, Fi. Qi, Q»i Wi. 
^8, Q and Qi, only veJue of X« la indicated; curves for C, Ca, EA, G , Cl and 
Wt have been corrected for surface and window loeaee (refle^on and absorption) , 
other curves are uncorrected. 0.1m ■" 10-» cm • 1000 A- 


Class 2. — Strong absorption over wide region in which X is 
greater than X,, and free transmission over a wide adjacent range 
for which X < X<. 

For the substances considered here, the long wave-length 
boundary of the absorption lies far in the IR, but tra nsmiss ion at 
still greater values of X may be of much importance. For summary 
of such data, and bibliography to 1921, see (4®). Crystalline 
SiOi is notably transparent if X > 50m; if sufficiently thin, many 
substances transmit if X > ca. 100m, and there is considerable 
transnussion through 1 mm of CaFj, KCl, NaCl, and amorphous 
SiOj, but there seems to be nef transmission through this thickness 
of HjO or of glass. 



Aqueous (HiO) solutions of Cu ^Its completely absorb the IR 
while freely transmitting the visible spectrum (rf. C, Fig. 1); at 
least 2 cm of the soiution should be used (0» *9). For glasses 
which visually approximate filter C, see (I0»00»00); they all 
transmit some IR ('*» **). For isolating the region X < 0.3 m, 
see Class 3. I 

Class 3. — Strong absorption except over certain narrow regions i| 
of the spectrum. ! 

In Figs. 3, 4 and 5 are shown the transmissions of certain filters 
of this class. By a suitable choice of these filters, assisted by those 
of classes 1 and 2 as may be necessary, it is possible to isolate any 
one of many narrow spectral regions (*9). No known filter trans- 
mits only the region X < 0.3m; the best consists of quartz (SiOi) 
cells filled with Cl and Br gas (37) ; aee Fig. 3. For transmission of 
Cl, see also (34» 36)^ of Br (4®). Aqueous solutions of acetone 
(CiHeO) (*), of p-nitrosodimethylaniline (CsHioNiO) (37, 45)^ 
fete., may assist in isolating the UV, especially when presence of 
radiation at X > 0.5m can be ignored, as in usual photographic 
work. See also Fig. 4 and Special Filters, 4. 
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Violet Blue Green Ytllowdrenge Red IR 


G980A 

G984B 
6985 8 
6 986 A 




*06 


Special Filters 

Filters, for isolating or for removing certain radiations emitted 
by the source being used, are especially convenient for the follow- 
ing purposes (see also Class 3, supra): 

1. Eye Proiectum. — The cornea may be seriously injured by even 

a short exposure to UV at X ^ 0.31^. When exposed to the 
quartz Hg-arc, unscreened metal arc or spark, or other source 
which is intense in this region, the eyes should be protected by a 
filter which absorbs completely all radiations of X < 0.35;*, such 
as G 4 , Di, etc. (Fig. 1). Radiations of greater X do not damage 
the eye unless so intense as to cause discomfort. Glasses are 
available for reducing the brightness and for absorbing most of 
the IR (^* *®) (see also 6 /). 

2. Trichromatie Photometry. — The three filters typified by Gu 

(red), Gcg (green), and Gc* or GC 4 (blue) form a set which is 
usually satisfactory; see also (l^). 

3. Elimination of Stray Light. — In spectrophotometric work at 
X < 0.5 m or X > 0.65^, stray light may introduce error (i®). For 
work in blue and violet it may be eliminated by filters of type 
Gc*, in red by G 14 , and in far red by Gc* + Gu, by Dj, or by D,. 

4. Isolation of Certain Spectral Regions. — Extra-focal methods 
^t in isolation in UV (!*>) and IR (43, 4S). Some of UV can be 
isolated from all other radiation by Gni, Gn}, or Ag; most of v 
by Gi -b C, see also (»»); all of v and UV to X =• co. 0.3m by C; 



3 '4 

Flos. 3, 4, 5.* — Transmission of filters of Class 3. 

For description of filter*, »ee Table 1, 

much of IR, either with or without v, by filters of Class 1 (Fig. 1). 
For isolation of X < 0.3m, see text for Class 3; of 0.7 m < X < 1.6m, 
use W (or Gl) + D,, or W (or Gl) + Gc 4 (or Gnj) + a red glass, 
of 1m < X < 3m, use Gu (or Dj) + G,' +.Gc;; of 2 m < X < 3m, 

use Gu (or Di) 4- G^ + Gc'. Certain regions (residual rays) 

between X = 8m and X =* 152m may be isolated by multiple 
reflection from SiO, (X « 8 to 9m), Til (X - 162m), and other 
substances (3, 4, 4«); p 261). 

6. Isolation or Removal of Certain lanes from a Line Spectrum . — 
[See also (®3),] Jn combination with the following, filters of 
Classes 1 and 2 may be used to absorb the UV and IR. 

(a) Hg-arc tn ^tOt. — X = 0.578m is absorb^ and X * 0.646m 
is transmitted by filter X. The visible lines (0.578, 0.646, 0.436, 
0..405m) may be readily isolated from one another by glasses 
(19,22)^ solutions (3*» 48)^ Qj. otherwise (**). Certain of the 
UV lines (0.365, 0.335, 0.313, 0.303, 0.254, etc.) may be more or lees 
isolated by Cl (3«), Cl-Br, Ag, Gn„ and Gn,. In the IR, the 
group between 1.0 and 1.8m (strongest at 1.014 and 1.129m) may 
be isolated from the other lines and in part from one another (see 
4, supra). There is radiation at 300m also. 

(5) Hydrogen Tube . — For isolation of visible lines, see (**). 

(c) H elium Tube . — For isolation of some of visible lines, see (3*)«- 
In IR there is an intense line at 1.084m and a Weak one at 2.(tt6M* 
The yellow line is absorbed by X. 

(d) Bunsen Flame . — Most of the energy is concentrated at 4.4 m 
and may be isolated by- a gelatin filter of type D« (**). 

(e) Flame Spectra . — Sodium D-Unee absorbed by X (*®). 

(f) Copper Arcs . — Blinding yellow glare absorbed by X (**)• 

Classified References . — Commercial filters, see (*®i^®> 41 , 44); 

discussion of special filters (®i 1 ®, 13, 14, 17, it, 21 , 22 , 2S, 2t, 33, 

24, 36, 37, 40, 47, 48, 49) ; gernuddai ^tion of UV (*®); absorption 

data of special value in construction of filters, quantitative 
(1-6, 8, t, 12-14, 17-24, 26, 27, 29, 30, 37-29, 42); qualitative 
(31, 33, 48). 

Table 1. — Fii;rERS and Theib Sticbols 

T " thickness of absorber, unit * 1 mm. IR-limit fUV' 
limit| ~ wave-length bounding the transmission band on its 
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IR (UVJ edge: All filters except Cl and 8 are represented in 
Fig. 6. 


Symbol 


Filter 


Lit. 


Fig 


Ag 

C 


C» 

a 

Cl*Br 

Du Dt» Di 


EA 


Fi 


Fi 


O'* 

O''* 

Gi* 

Gt* 

o; 

Gi* 

Oi* 

Qi* to Gii' 

Go* 

Gc; 

Gc. 

Gc; 

Gc* 


Go, 

Gc; 

Gc. 


Gc. 

Gc; 

Gn, 

On. 

Gn, 

On; 

GOSO At 
G 984 Bt 


Q 986 Bt 

G 986 At 

G1 

M 

Qi 

Qt 


'Ag ohemically deposited on SiOi: r of Ag 

7.9 X 10~*; DO IR is transmitted 

Aqueous (HtO) solution: 57.0 g Cu80i.5HiO 
per 1 of solution; r • 10.00; transmits UV to 

about X • 0.3 m; for IR*limit, see (*) 

Two aqueous (HtO) scJutions in different glass 
cells; 57.0 g Cu80«.SHtO per 1, and 72.0 g 
KtCriOr per 1: r • lO.O for each; transmits 

practically no IR, but c/. (*) 

Calcite (CaCOi): transmission X axis; r «> 

6.1; for IR-limit, «<« (•■) 

Cl'gas in quarts (SiOt) cell 

Cl-gas and Br>vapor in quarts (SiOi) cells: 

combined transmission 

Dyed gelatin filma: no data beyond 0.7 m: (most 
of curves G* to Gi* can be approximately 

duplicated by such films) 

Ethyl alcohol (CtHiOH), chemically pure: 
r • 10; IR-limit approximately that of HtO 

(W, Fig. 2) 

Fluorite (CaFi), colorless: r » 10; for UV- 

Umit, tes Ft and Ft. Fig. 1 

Fluorite (CaF*), beet quality, colorless: thin 
plates, value of r is not stated; for IR-limit, 

see F, Fig. 2 

Fluorite (CaFi): transmission by prism and 
lenses; value of r is not stated; data from 
Schumann’s map; for IR-Umit, «e« F, Fig. 2. 
Cover-glass, special crown for UV trans- 
mission; T is very small 

Glass, special crown for UV transmission; 

T " 1 

Glass, special for UV transmission: r » 0.39. 
Glass, common cover-glass; r is very small. . . . 

Glass: t • 11.9; for UV-limit, sec (**) 

Glass, crown: r — 1.68 

Glass, crown: r • 2.18; for UV-limit, tee Gt 

Pig. 1 

GUmir - 8.30 

Glass: r - 2.06 

Glass, yellow, orange, or red: principal coloring 

agent is CdS or Be ; r • 0.88 to 4.23 

Glass; Co:t r — 4.62 

Glass; Co:t t — 3.13 

Glass; C^f + Cu:t r — 2.69 

Glass; Cof Cu.'f r — 2.40 

Glass; Cof + Cu:tr «■ 2.99; IR transmission 
is somewhat similar to that of Gc' 


Glass; Cu:tr — 6.56 

Glass; Cu:t r - 4.93 

Glass; Crf + Cu:t *■ “ 2.99; IR transmission 
is somewhat similar to that of Gc; and Gc; . • 

Glass; Mnt + Cr:tr • 2.46; should be tcst^ 

for possible violet transmission 

Glass; Mnf + Cr:tT 2.46; should be tested 

for possible violet transmission 

Glass; Ni:t r • 4.37; no IR transmiasiop 

Glass; Ni:tr * 2.68; no IR transmission (**). 

Glass; Ni-f r m 3.20 

Glass; Ni;t r - 2.85 

Glass for UV transmission: r ■■ 6.0; practi- 
cally no absorption if 0.3 m < X < 0.8m 

Glass for UV transmission: r ■■ 6.3; middle of 
the transmission band at 0.6 m to O.Om has 

greater X than that of Gc, 

Glass for UV transmission: r *■ 6.0 

Glass for UV transmission: r ■■ 6.0 

Glycerc^, chemically pure: r « 10; IR^limit 

approximately that of W, css (•* *•) 

Mica: T - 0.01; for IR-fimit, «es (•) 

Quarts (SiOi), crystalline: r — 0.2; for IR- 

Umit *M Q*. Pig. 2 

Quarts (SiOt), crystalline: r ■■ 2.0; no great 
<Ufferenoe between dextro, levo, trans- 
mission' X, cw 0 to axis; for IR-Umlt, see 

Q*. Fig. 2 
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Symbol 

FUter 

1 Lit. 

1 Fi,. 

Qi 

Quarts (8iOi), crystalline: r -• 4.77; for UV- 
limit eee Qi and Qt, Fig. 1 

(*) 

2 

RS 

Rock salt (NaCl): value of r is not stated; for 
IR-Umit, eee RSt, Fig. 2 

(»*) 

1 

R8i 

1 

1 

Rock salt (NaCl): r ■■ 10; for UV-Umit, eee 
R8. Fig. 1 

(«) 

2 

8 

Sylvito (KCl): r " 10; strong, narrow absorp- 
tion bands at X 3.18m and X ~ 7.08m; free 
transmisaioo through visible and into UV... . 

(•. 41) 

2 

W 

Water (HiO) in cell with thin quarts (SiOi) 
windows: t — 10; for UV-Umit, eee Wi, Fig. 1. 

(•) 

2 

Wi 

Water (HtO), distilled, in cell with Ouorite 
(CaFt) windows: long ezi>oeure; r <» 0.6; for 
IR-limit, eee W, Fig. 2 

(»*) 

1 

w, 

Water (HtO), pure, in cell with quarts (SiOt) 
windows; r =■ 20(7); for IR-limit, me W, 
Fig. 2 4 . . . 

(2#. 11) 

1 

X 

Glass (*** *•) or solution (♦•) containing 
“didyraium” (mixture of Nd and Pr) 


6 


* So far as known, all white, yellow, orange, and red glaases have IR trans- 
missions similar to those of Gi and G* (Fig. 2), c/. Fig. 6. Those containing 
Fe-impurities have a broad, weak absorption band at X « 1.1m> c/. (*** >*). 
t Principal coloring materia). 

t Trade designation; made by Corning Gloss Works, Corning, N. Y., U. 8. A. 



transmission. 

For more exact data, tee Figs. 1 to 5; filters deecribed in Table 1. 
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SPECTROSCOPY 


Complete Index 
Standards in spectroscopy. 

Emission spectra of elementary 
substances. 

Selected lines (optical). 
Persistent lines and raies 
ultimes (optical). 

X-ray spectra 
Absorption spectra 
Radiation filters (optical). 
X-ray absorption. 

Solar spectrum. 

Stellar spectra. 

Unidentified lines in celestial 
spectra. 

Luminescence at low tempera- 
tures. 

Fluorescence of gases and 
vapors. 

Line spectra of atoms (optical) 

Term values. 

Spectral structure. 

Band spectra: Constants of 
diatomic molecules. 
Resolution of spectral lines by a 
magnetic field. 

Pole effect. 

Spark discharges in liquids. 
Electrically exploded wires. 


Index Complet 

fitalons utilises en spectro- 
scopie. 

Spectres d’^mission des sub- 
stances 616mentaires. 
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ultimes (optique). 
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Spectres d’absorption. 

Filtres k radiation (optique). 
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Luminescence k basses tempe- 
ratures. 

Fluorescence des gaz et vapeurs. 

Spectres de lignes des atomes 
(optique). 

Valeurs du terme. 

Structure spectrale. 

Spectres de bandes: Constantes 
des molecules biatomiques. 
Resolution des lignes spectrales 
par un champ magnetique. 
Effet de p6ie. 

Decharges d’etincelle dans les 
liquides. 

Fils rompus 61ectriquement. 


Gesammt Index Verzeichnis 
Normalien in der Spektroskopie. 
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Emissionsspektra elementarer 
Stoffe. 

Ausgewahite optische Linien. 
Persistente Linien und Raies 
ultimes. 

Ron tgen spe k t ra . 
Absorptionsspektra. 
Strahlenfilter. 

Absorption von Rontgenstrah- 
len. 

Sonnenspek t rum . 
Sternenspektra. 

Nicht identifizierte Linien in den 
Spektren der Himmelskorper. 
Luminescenz bei tiefen Tem- 
peraturen. 

Fluorescent von Gasen und 
Dampfeo- 

Linienspektra def Atome. 

Term-Werfe. 

Spektrale Struktur. 

Banden Spektra: Konstanten 
zweiatomiger Molekiile. 
Auflosung von Spektrallinien 
im mag^etischen Feld. 

Einfluss des Poles. 
Funkenentladungen in Flus- 
sigkeiten. 

Durch elektrische Aufladung zur 
Explosion gebrachte Dr^te. 


Spettri d'emissione di ele- 
menti. 

Righe scelte (ottiche) . . 276 
Righe persistent! e righe 

ultime 322 

Spettri di raggi X . . Vol. VI 
Spettri d’assorbimento. 326, 359 

Flltri spettrali 271 

Assorbimento 4i raggi X Vol. VI 

Spettro solare 380 

Spettri stellari . . Vol. I, p. 384 
Righe • non identificate in 

spettri stellari 383 

Luminescenza a bassa tem- 
perature 386 

Fluorescenza di gas e 

vapori 391 

Spettri di righe degli atomi 
(ottici). 

Valore dei termini . . . 392 
Strutture spettrali . . . 408 
Spettri a bande; Costanti 
di molecole biatomiche . 409 
Risoluzioni magneticbe 
delle righe spettrali. . . 418 

Effetto polare 432 

Scariche elettriche nei 

liquid! 433 

Fili disintegrati elettri- 
camente 434 


SPECTROSCOPIC STANDARDS OF WAVE-LENGTH 

Ch. Fabry 


All wave-lengths (X) given below are expressed in international 
&ngBtroma and are the wave-lengths in dry atmospheric air at 15®C 
and a pressure of one normal atmosphere. Some of them differ 
slightly from the corresponding values internationally accepted 
for use as secondary or tertiary standards. These differences are 
made necessary by the high precision of modem measurements 
and the very recent elimination of irregularities produced by the 
pole-effect (see p. 432). All arc lines refer to arcs in air at atmos- 
pheric pressure (not to arcs in a vacuum); those produced by arcs 
which are not satisfactorily defined are marked (*). 

PRIMARY STANDARD 

It is internationally agreed that in dry atmospheric air at 16^0 
and a pressure of one normal atmosphere the red line of cadmium, 


produced under the conditions described by Michelson (1» •) sod 
specified below, has the wave-length (^) 

Xcd = 6438.4696 A - 0.64384696/1 

This defines the length of the international Angstrom and of <h© 
micron (p) as used in the measurement of wave-lengths. As so 
defined, 1 A = 10~‘® m and l/i ** 0.001 mm within the limits of 
experimental error. 

The primary (cadmium) standard of wave-length shall be pro- 
duced by high-voltage electric current in a vacuum-tube having 
internal electrodes and the form described by Michelson (**)• 
The tube shall be maintained at a temperature not higher than 
320®C, and shall have a volume not less than 25 cm*. The effec- 
tive value of the exciting current shall not exceed 0.05 ampere. 
At room temperature the tube shall be non-Iuminous when con- 
nected to the usual high-voltage circuit. 
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Table — Secondary Standards (»> »> «* •» »o) 

In arriving at the values here given, the papers mentioned have 
been critically compared. The table is divided into 3 sections: 
Fe-lines, Cu-, Ni-, and Si-lines that fill gape occurring in the Fe- 
spectrum, and Ne-lines. Unit of X — 1 Int. A — 10"V = lO"* 
cm. 

Fe-Lineb 

As far as possible the values here tabulated refer to the Pfund 
arc (^1) in air at atmospheric pressure. That arc satisfies the 
following conditions: 

Anode is below and consists of a bead of iron oxide supported on 
a massive rod of iron or other good conductor of heat ; cathode is 
above and consists of a rod of iron 6. or 7 mm in diameter, having 
close to its lower end a massive cooling cylinder of copper or brass. 
Current not over 6 amperes, 110 to 250 volts, arc 12 to 15 mm long; 
sone used is midway between the electrodes and not over 1.5 mm 
wide. 

These values are the most accurate and are unmarked. Others, 
obtained with the arc between two rods of iron 6 to 7 mm in diam- 
eter, current about 6 amperes and no statement of either length of 
arc or of portion used, are marked (*). 


Xr, 

♦2373 . 737 
•2413.310 
•2662.541 
•2588.016 
•2628 . 296 
•2679 . 066 
♦2714.419 
•2739.560 
•2778 . 225 
•2813.290 
*2851.800 
•2874.176 
•2912.157 
•2941.347 
•2987 . 293 
•3030.162 
•3076.725 
•3125.661 
*3176 447 
•3225 . 790 
•3271.003 
•3323 . 739 
•3370.789 
•3399 . 337 
3445.153 
3485 343 
3513.821 

3556.882 
3558.518 
3606.682 
3640.392 
3676.314 
3677.630 
3724.381 
3753 615 
3805 346 
3843.261 
3850.820 
3866.527 
3906.482 
3907.937 
3935.816 

3940.882 


Xf® 

Xf® 

3977 . 744 

4966.097 

4021.870 

4994.132 

4074.789 

5001 . 872 

4076.638 

5012.072 

4095 . 973 

5041.759 

4107.492 

5049 . 825 

4118.549 

5083.343 

4134.680 

5110.414 

4147.673 

5123.723 

4166.803 

5150.843 

4176.639 

5167.491 

4184.894 

5192.353 

4191.436 

5202 . 339 

4203.987 

6216.277 

4219.364 

5232.948 

4233.609 

5260.660 

4245 . 260 

5266 . 564 

4282.406 

6270.361 

4315.087 

5302.309 

4352.738 

5324.187 

4375 . 933 

5328 . 534 

4427.313 

5341.026 

4466.556 

5371.493 

4494.568 

5405 . 779 

4531.152 

5434 . 527 

4547.851 

5455.613 

4592.655 

5497.520 

4602.946 

5506.783 

4647 . 437 

5569.626 

4691.414 

•5586.763 

4707 . 282 

5615.652 

4710.287 

5658.825 

4733 . 596 

•5763.013 

4736.782 

6024.065 

4741 . 533 

6027.058 

4772.818 

6065.489 

4789 . 654 

6136.620 

4859.749 

6137.697 

4878.219 

6191.563 

4903.318 

6230.729 

4919.001 

6265 . 141 

4924.776 

6318.023 

4939.691 

6335.338 


Xf® 

6393.606 
6430.852 
6494 . 985 
6546 . 245 
6592*920 
6677 . 994 
6703 . 573 
6733.164 
6750.157 
6752 . 724 
6806.851 
6828.612 
6841.355 
6843 . 676 
6855.179 
'6885.772 
6916.709 
6933 . 628 
6945.211 
6951.271 
6978 . 857 
6988.531 
6999.912 
7022.976 
7038 . 255 
7068.418 
7090.410 
7107.464 
7112.178 
7130.946 
7132.996 
7164.472 
7181.222 
7187.341 
7207.422 
7219.690 
7223 . 670 
7239 . 896 
7284.843 
7288 . 764 
7293.073 
7307.938 
7311 103 



Fb-LiNE8.— 

-(CarUinued) 


Xf® 

Xf® 

Xf® 

Xf® 

7320 . 694 

7511.047 

7710.397 

8198.960 

7386 . 394 

7531.178 

7748 . 282 

8220.413 

7389 . 423 

7546.177 

7780 . 594 

8327.0^^9 

7401.691 

7568.931 

7832 . 233 

8331.956 

7411.184 

7583.801 

7937.172 

8387 . 787 

7418.676 

7586.050 

7945 . 882 

8468.422 

7443.031 

7620 . 538 

7998 . 980 

8614.088 

7445 . 778 

7653 . 783 

8028.356 

8661.915 

7491.678 

7661.230 

8046 . 084 

8688.641 

7495 . 092 
7507 . 300 

7664.306 

8085 . 207 

8824.238 


Cu-, Ni- AND Si-Lines 

(a) Copper: Arc between rods of Cu 4 mm in diameter, current 
* 4 to 5 amperes. (6) Silicon: Arc between ordinary rods of 
carbon; light from electrodes is eliminated, (e) Nickel: Arc 
between rods of Ni 5 mm in diameter, current — 6 amperes. 

Xsi 

•2528.516 
Xni 

•5857 . 759 
•5892 . 882 

* No etatemeot of length of arc or of portion used, f A Sn-line. 

Ne-LiNB8 

The lines are emitted by a tube containing Ne at a pressure of a 
few mm of mercury. 


Xcu 

Xcu 

XCu 

•2112.105 

•2242.622 

•2369.891 

•2126.047 

•2276.261 

^Sl 

•2189.631 

*2303.134 

*2435.159 

•2218.107 

•2334. 816t 

•2506.904 


Xn® 

Xn* 

Xn* 

Xn* 

5400.662 

6096.163 

6334.428 

6717.043 

5852.488 

6143.062 

6382.991 

6929.466 

5881.895 

6163.594 

6506 . 628 

7032.412 

5944 . 834 

6217.280 

6532.883 

7173.938 

5976 . 534 

6266 . 495 

6598 . 953 

7245.165 

6029 . 997 

6304 . 789 

6678 . 276 

7535 . 785 

6074.338 





Table 2. — Tertiary Standards (H) 

All the following tertiary standards are Fe-lines emitted by a 
Pfund arc under the conditions stated in Table 1. Their wave- 
lengths have been determined by interpolation from those of the 
secondary standards, and the published values have been cor- 
rected so as to make them accord with the values adopted for the 
secondary standards. Unit of X « 1 Int. A = 10"V = 10’» cm. 


Xf® 

3370.786 
3379 . 023 
3380.115 
3393.657 
3390 . 982 
3399.337 
3401 . 523 
3402.261 
3407.465 
3413.136 
3417.845 
3418.511 
3424.288 
3427.124 
3445.153 
3447.282 
3450. 33f 
3458.307 
3465.864 
3476.706 


Xpe 

3485 . 343 

3489.674 

3495 . 290 

3497.111 

3497 . 844 

3506.501 

3513.821 

3521.265 

3529.820 

3541.087 

3542 . 080 

3546 . 642 

3556.882 

3558.518 

3565.382 

3576.761 

3581.196 

3582.202 

3584.664 

3585 . 322 


Xf® 

3686.116 

3589.109 

3694 . 635 

3603.207 

3606.683 

3608.863 

3617.792 

3618.771 

3621.465 

3623.189 

3625.149 

3630.353 

3631.467 

3632.043 

3638 . 301 

3640 . 393 

3645.826 

3647.845 

3649.510 

3651.472 


Xp® 

3659.521 
3669 . 524 
3676.314 
3677.630 
3679 917 
3684.113 
3687.460 
3690.732 
3695 . 055 
3702 . 035 
3704.464 
3705 . 669 
3707.051 
8711.227 
3715.916 
3719.936 
3722.566 
3724 asi 
3727 . 623 
3732 . 400 
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3733 . 320 
3734 . 869 
3737.136 
3738.310 
3742 . 624 
3746 . 664 
3746 . 904 
3748 . 266 
3740.489 
3753.615 
3756.943 
3758 . 237 
3760 . 064 
3763 . 792 
3765 . 644 
3767 . 196 
3774 . 827 
3776 . 469 
3781 . 191 
3786.951 
3786.681 
3787 . 883 
3790.096 
3794 Xk2 
3795 . 005 
3797.618 
3798.514 
3799.660 
3806 . 346 
3806.702 
3807.640 
3808.732 
3814.527 
3816.843 
3821.161 
3824 . 445 
3826.886 
3827 . 826 
3833.313 
3834.225 
3830.260 
3840.440 


Table 2 

Xf. 

3841.052 
3843.261 
3846 . 805 
3849.971 
3850.821 
3852 . 577 
3856.373 

3859.914 
3865 . 627 
3867.220 
3871.762 
3872.505 
3873 . 764 
3878 . 022 
3878.676 

3883 . 286 
3884.362 

3886.286 
3887.061 
3888.518 
3896 . 668 
3899.709 
3902 . 960 
3903 . 902 
3906.483 
3907 . 937 
3910.847 
3917.186 
3920 . 260 

3922.914 
3925 . 945 
3927.921 
3930.299 
3932.631 
3935.816 
3987.331 
3940 883 
3942.443 
3948.778 
3962.606 
3066.469 
3956.680 


(Continued) 

Xf* 

3966.066 
3967 . 423 
3969 . 260 
3971.326 
3977 . 744 
3981.774 
3983.960 
3986.176 
3990 . 378 
3997 . 395 
4005 . 246 
4009.716 
4014.534 

4021.870 
4031.964 
4044.614 
4045.816 
4062.486 
4066.979 
4067.275 
4067.983 
4074 . 789 
4076.638 
4085.008 
4095 . 973 
4098.183 
4100.740 
4107 . 492 
4109.806 
4114.449 
4118.549 
4120.210 
4121.805 
4122.619 
4127.611 
4132.060 
4132.902 
4134.680 
4137 000 
4143.418 

4143.870 
4147.673 


Xf« 

4164.501 

4166.803 

4170.904 

4176.639 

4177.696 

4181.768 

4184.894 

4191.436 

4202 . 030 

4203 . 987 

4213.649 

4216.185 

4219.364 

4226 . 423 

4233.609 

4245 . 260 

4250 . 789 

4266.968 

4267 . 830 

4271.764 
4282 . 406 
4285 . 447 
4294.128 
4298.041 
4305 . 455 
4307 . 907 
4315.087 

4326 . 764 
4327.099 
4337.060 
4346.659 
4351.550 
4362 . 738 
4368.505 
4367.583 
4369 . 776 
4375 933 
4383.549 
4387.898 
4390.955 
4404.753 
4407.716 


Xf# 

4408.419 
4416.126 
4422 . 672 
4427.313 
4430.620 
4435.153 
4442 . 345 
4443.197 
4447.723 
4454.384 
4469.122 

4461.655 
4466.556 
4476 . 022 
4489 . 742 
4490 . 085 
4494.568 
4514.190 
4617.628 
4528.619 
4531.152 
4647.851 
4587.134 

4592 . 655 
4602.006 
4602 . 946 
4619.296 
4630.126 
4632 916 
4638.017 
4647 . 437 
4654.502 
4667.458 
4673.168 


Table S 
Xf# 

4678 . 463 

4691.414 

4707 . 282 

4710.287 

4733.596 

4736 . 782 

4741 . 633 

4745 . 805 

4772.818 

4786.809 

4788 . 769 

4789 . 655 

4802.881 

4859.749 

4878 . 220 

4903.318 

4919.002 

4924 . 776 

4939.691 

4966.099 

4994.132 

5001.872 

6012.072 

5041.074 

6041.759 

5049.825 

5051.637 

6083.343 

6098.704 

5110.414 

6123.723 

5127.364 

5150.843 

5151.914 


— (Coniinued) 

I Xf# 

5166.286 
5167.491 
5168.901 
5171.599 
6192.353 
6198.712 
5202.339 
6216.277 
5227 . 189 
5232.948 
6242 . 492 
5250.650 
5266.664 
5269 . 537 
6270 . 361 
5302.309 
5307.361 
6324.187 
6328.634 
5332.901 
6341 .026 
5371.49" 
5397.132 
6406 . 779 
6429.700 
5434.627 
5446.920 
5465.613 
6497 . 620 
5501.469 
6606.783 
6027 . 058 
' 6065.489 


6127.913 

6136.622 

6137.697 

6167.730 
6165.364 
6173.340 
6191 . 564 
6200.319 
6219.287 

6230.730 
6262.563 
6264.263 
6265 . 141 
6297 . 799 
6318.024 
6322.692 
6335.338 
6344.157 
6380.749 
6393.607 
6421.367 
6430.863 
6462 . 733 
6476 . 633 
6494 . 987 
6518.376 
6546 . 247 
6575.023 
6692.920 
6609.118 
6663 . 447 
6677.994 
6760.160 
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EMISSION SPECTRA OF ELEMENTARY SUBSTANCES 

H. Katser 


In the following table are given the wave-lengths (X) of selected 
lines from, the spectra of air, of all known elements except Ac, 
Ma, Pa, Po, Re, UXs, and certain doubtful, or unidenti6ed 
elements. The number of lines given in each case is determined 
by the spectroscopic importance of the element and by the number 
of lines which its spectrum contains; the strongest and the most 
easily reversed lines throughout the spectrum have been given, and 
the distribution ^f the lines has been chosen so that the Uat will 
satisfy the practical raauirements of such S table and will exhibit 
all the cuaracteristics of the q>ectrum. In the ^)ark-^>ectrum of 
air all the observed lines are given, although many of them are false, 
being metallic |in^ For each element, are given the more 
important literature references from which the data were taken; 
for a more complete list of references, see Kayser, Handhueh der 
Spektroscopie, Vols. 6 to 7, or Watts, Index of Spectra. It is 
assun^ed that the wave-length of a line is the same in the arc as in 


the spark, that changes in X arise only from pressure, magnetic 
and electric fields, pole-effect, and apparent shifts from uns 3 nn- 
metrical broadening. The data given refer to atmospheric pres- 
sure, except in those cases in which the observation must be made 
under reduced pressure. The precision of measurements in the 
infra-red is so low that the correction from the Rowland to the 
international scale is unimportant; in all other cases X is expressed 
in international Angstroms. 

The values given for X are weighted means of the best deter- 
minations available, and consequently are to some extent arbitrary^ 
The relative intensities of the lines depend upon so many con- 
ditions, frequently undefined or even undefinable, that an average 
is meaningless. But the intensity of a line is an import^t 
characteristic of it, and in very many eases the relative intenaitiee 
vary from one type of spectrum — aec, spark, Oeissler tube to 
another much more than they vary with the conditions in any one 
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type; for this reason a kind of average, or typical value of the 
relative intensity is given. 

Spectra obtained by means of the arc, spark, or Geissler tube 
are generally ipixturee of different spectra. I^me of the lines 
belong to the neutral atom (denoted by A or AI), some to the 
simply ionised atom (A*** or All), some to the doubly ionised 
atom — ^the atom which has lost two electrons — (A++ or AIII), etc. 
It is now possible to determine in many cases the particular type 
of atom to which a given line belongs. In such cases, the type is 
indicated in the following table by placing before the wave-length 
the proper symbol (I, II, III . . . }. 


WAVE-LENGTHS (X) OP SELECTED LINES IN EMISSION 
SPECTRA OF AIR AND OF ELEMENTARY SUBSTANCES 


There are no data for Ac, Ma, Pa, Po, Re, and UXj. For basis 
of selection of lines given, etc., see preceding text. Uncertainty in 
X is not over 3 units in the last figure. Numbers in the columns 
A, S, and G indicate the relative intensities of the lines in the arc, 
qiark and Geissler-tube spectrum, respectively; in each case 1 
generally denotes the weakest and 10 the strongest line, but very 
weak lines may be 'marked 0, and very strong ones 15, 20, 25, or 
SO. I, II, III . . . indicate that the line is emitted by the 
neutral, the simply ionised, the doubly ionized . . . atom; 
R ■■ easily reversed, u *» unsharp, broad; U =» very unsharp, 
very broad; r [v) ** unsymmetrically broadened, the excess 
broadening is on the red [violet) side,, i.e., towards the longer 
(shorter) wave-lengths; the number of components of an unresolved 
multiple line is indicated by the letters d, tr, qr, qn, s; where 

d ■■ 2, tr - 3, qr * 4, qn « 5, s » 6. 

Unit of X ■■ 1 A « 0.1 m^ = 10"V =» 10“*cm, 


Air (»• T4, 78, si, 

18S, 1S8, ISt, 

X 

8 719.2 
12.0 
03.8 
8 692 
86.4 
83.7 
80.6 

30.0 
8 694 

8 446.8 
8 242.8 

30.2 

23.6 

16.7 

11.1 
00.7 

8 188.4 

86.3 
7 962.3 

61.1 

47.8 
7 776.6 

74.3 
72.1 

7 636 7 
7 616.2 

06.8 
7 479 

68.7 

68:7 

*8yabel of ttomai 


101, lOS, 128, 
288, 288, 174) 

8 I E* 


0 

0 

0 

0 

0 

1 

2 

0 

0 

6 

4 

0 

4 

7 

2 

1 

4 

4 

2 

3 

4 
6 
7 

10 

1 

0 

0 

0 

10 

0 


•teiDetttary sUIMboo to 


Air.— (C 
X 

7 442.7 
32 9 

24.0 
7 384 6 
7 157.4 
7 067 6 
6 966.9 

60 

6 887.6 
64 
11 9 
6 721.3 
6 654.8 

40.7 
10 4 

6 563.2 
6 482.0 
56 

6 379.3 

70.7 

68.1 

41.6 

6 284.3 
6 171.0 
68.1 
6 962.4 

41.6 

40.6 

31.8 

27.8 
5 767.4 

wUoh the Duo b doe 


{Coniinued) 
I S I 


10 

0 

8 

1 

9 

0 

1 

ou 

1 

0 

0 

1 

2 

0 

6 

3 
5 

4 

0 

2 

0 

0 

0 

1 

2 

4 

0 

4 

10 

1 

7 

4 

2 


Air.- 

X 

6 747.5 

30.6 

10.7 

5 686.2 

79.6 
76.9 

66.6 

45.6 

6 692.3 

66 

62.0 

43.4 

35.2 

30.2 

26.2 
6 495.7 

80.1 

78.1 

62.8 

64.1 

62.1 

32.1 

11.5 
5 356.4 

51.2 
41 2 

38.7 

28.6 
25.1 
20.5 


E* 

6 281.7 

N 

63 


50.6 

N 

06.5 

A 

6 190.6 

0(?) 

85.1 


83.2 

79.4 

75.9 

73.4 
72 
60.1 
50 

43.6 
36 

6 073.5 
61.8 

45.1 
82 

25.7 

22.9 

16.4 

13.9 

10.0 

07.4 

05.2 

01.4 
4 994.4 

91.3 

87.4 

64.7 
65 
43.0 


(CorUinited) 

8 E* 

1 N 

2 N 

2 N 

3 N 

10 N 

3 N 

5 N 

1 N 

0 O 

0 N 

2 N 

3 N 

5 N 

3 N 

2 N 

2 N 

1 N 

0 N 

1 N 

1 N 

1 N 

0 N(?) 

1 N 
N 
N 
N 
N 
N 
O 
N 
N 


N(7) 

O 

N 

N 

O 

N 

N 

N 

N 

O 


Air.- 

X 

4 942.5 

41.0 

34.8 

24.6 

06.8 
4 895.3 

90.9 

79.7 
71 6 
60.3 

56.8 

47.7 
10 3 
05 9 
03 3 

4 793.7 
88.2 
81.2 

79.8 
74 2 

64.6 
51.2 

35.7 
18 4 
09 9 
05 4 
05 1 

03.1 
4 699 2 

97.6 

76.2 

74.9 

61.6 

54.5 

50.8 
49.1 
43 1 

41.8 

40.5 

38.8 

34.0 
30 53 
21.39 
13.84 

09.4 
07.14 
01.48 

4 596.12 
90.93 

52.5 

44.8 

29.9 

14.8 
07.62 

4 477.7 

69.4 

67.8 

65.4 

60.1 

52.4 

47.04 
43.3 
34.0 


(Continued) 

8 E* 

1 N 

1 N 

1 N 

2 O 

1 O 

1 N 

0 O 

1 N 

0 O 

1 N 

1 O 

1 N(?; 

2 N 

1 N 


1 

2 

4 

4 

3 
1 
2 
1 

10 

4 

3 
1 

4 
4 
3 
3 
2 
1 
2 
2 
2 
1 
1 
2 
2 
1 
2 
6 
1 
0 


N 

N 

N 

O 

O 

N 

O 

N 

O 

N 

O 

N(?) 

N 

N 

N 

N 

N 

■N(?) 

N 

N 

N 

O 

N 

X 

O 

o 

N 

o 

o 

N(?) 

o 

N 

O 

X 

o 

o 

N 

o 

X 

o 

N 

N 

N 

N 

N 

N 

N 

O 

o 

N 

N 

N 

N 

N 

N 

O 

O 

o 

N 

o 

N 

O 

N 


f 


1 







Air. — (CorUinued) 


X 

432.4 

30.1 

26.9 

17.0 

14.0 

01.2 

396.0 

92.4 

79.6 

71.4 

69.2 

66.87 

61.6 

61.3 
49.40 

48.0 
47.44 
45.54 

36.8 

31.9 

31.04 

28.5 

27.5 

25.7 
19.62 
17.11 

03.7 

276.9 

66.4 

63.7 
41 76 

36.8 
28 

23.3 
111 

06.7 

199.3 

89.8 

85.5 

76.2 
69.36 

53.5 
45.90 
43.7 

42.2 
33.70 

32.88 

29.5 

24.1 

21.5 

20.5 

19.3 

14.0 

12.09 
10.84 

05.00 

03.3 
097.2 

93.00 

89.1 
85.20 

78.9 
75.93 
72.25 



1 

2 

0 

6 

4 

2 

1 

3 

3 
1 
1 
2 
2 
1 
2 
2 
2 

4 
0 
1 
2 
3 
2 
3 
2 
1 
2 
2 
8 
8 
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(CofittntMrf) 


X 

6 052.6 

43.2 
32.127 
25.4 

. 13.6 

05.8 
5 099.2 

87.3 

71.7 

68.4 

49.3 

43.0 

40.9 

28.5 

27.1 

16.6 

12.1 

00.5 

5 888.7 

82.7 

60.4 

32.1 

02.2 
5 772.3 

39.7 
5 691.7 

82.4 
59.2 

50.8 

48.8 
18.1 

07.0 
5 597.7 

81.6 

72.6 

59.7 

58.8 

25.1 

06.4 
5 495.9 

73 6 

67.2 

57.8 

51.7 

43.3 

42.1 

40.1 
21.6 
10.6 

5 373.6 

05.8 
5 287.0 

54.4 

52.0 
21.6 

17.0 
5 188.3 

87.3 
77.6 

76.4 

65.8 

62.4 


Rdt 

4 

6 

6 

3 

3 

2 

2 

3 

3 

2 

2 

3 

3 
2 

4 
2 
2 

5 
1 

4 
3 
3 
1 
1 
2 
3 
1 
2 

3 

5 
2 
2 

6 
2 
2 

4 
2 

5 
2 
2 

6 
2 
2 
2 
5 
2 
1 
2 
4 
2 
2 


2 

3 

3 

3 

3 

1 


Bit 


(Coniinued) 

Rdt 


6 

3 


Bit 


6 


6 


3 

4 


A. — (Coniinued) 
X 

I 4 333.561 

32.04 
31.17 
09.15 
00.66 

I 00.101 I 8 

4 282.88 

77.5 

I 72.169 8 

66.4 
66.286 
59.362 

I 51.184 
37.21 
28.2 
26.98 
22.64 
18,66 

03.4 
01.9 

I 00.678 
1 4 198.316 
I 91.027 
I 90.714 
I 81.884 
79.30 
78.38 
1 64.180 

I 58.591 
56.14 
52.7 
31.78 

28.6 
12.82 

03.95 
4 099.45 

82.41 
80.61 
79.61 
77.03 
76.70 
72.43 
72.02 
[ 64.50 

52.96 

45.88 
[ 44.419 

42.89 

38.83 

35.45 
33.85 

32.96 

13.84 
3 992.03 

79.40 
74.52 
68.37 

60.45 

58.40 
48.980 
47.55 
46.10 
44.30 


Bit 


(Coniinued) 


X 

3 932.56 
31.20 
28.61 
26.76 
14.78 
11.56 
07.70 
1 3 899.90 
I 94.64 
91.99 
91.39 
80.29 
75.25 
72.14 

68.55 
I 66.14 

50.56 
45.37 

t 34.65 
30.43 
26.80 
09.46 
08.58 
03.23 
3 799.47 



95.38 


86.42 

I 

81.33 


80.89 

I 

75.4 


70.61 


70.4 


66.14 


65.32 


63.59 


53.5 


37.92 


29.33 


24.53 


20.46 


18.25 


17.21 

1 3 

696.5 

I 

90.9 


80.1 


78.31 

70.7 

60.52 
59.5 
56.12 
55.35 

50.9 

49.9 
43.1 

39.86 

37.86 

37.08 
34.46 
32.65 
22.18 

06.53 
3 599.3 

88.49 


9 
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{Continued) 

A I S 
‘6 


G 


Aft,- 

X 

4 065.4 
62.6 
a'x.o 
06.2 
3 948.6 

31.1 
22.6 

3 842.9 
3 787.2 
3 671.7 
3 651.6 

13.0 
3 266 

3 180.6 
26.9 
I 19.6 

16.6 
I 3 076.32 
I 32.84 
03.8 
1 2 990.99 

69.6 

26.2 
I 2 898.73 
I 60.46 

30.4 
I 2 780.23 
I 46.00 
2 602.9 
2 492.91 
66.62 
37.22 
I 2 381.20 
70.77 
69.67 
I 49.84 
I 2 288.14 
71.39 

28.7 

06.0 
06.2 

2 192.1 

83.0 
66.6 
44.2 
34 

2 074 
31 
1 972 
36 
1 890 
1 742.9 

33.0 
00.2 

1 287 
67 
08 
I 171 
06 
1 093 
81 
09 


(Continued) 


(Continued) 


A 

S 


2 


6 


3 


3 


2 


10 


4 


3 


2 

4 

7 


3 

2 

6 

4 

8 


2 

2 

4 


7 


1 

4R 

6 

4R 

8 


4 

8B 

10 

6R 

6 


2 

2 

6 

4R 

' 7 

1 

6 

4R 

6 

4R 

6 

4R 

6 

lOR 

6 

lOR 

3 

1 

4 

1 

1 

2 

; 1 

2 


2 

2 

1 

1 

4 

2 

4 

1 

2 

2 

2 

3 


12 


10 


4R 


6 


4R 


20 

1 

1 

16 

1 

1 

10 


10 


40 


30 


16 


10 


20 


60 


10 


X 

A 

S 

Q 

1 001 


10 

- 

984 

1 

10 


63 


10 


66 


8 


62 


8 


26 


8 


878 

1 

8 


73 


8 


27 


6 


629 


1 



ku»-~{Coitdhwied) 


An (18,J4,5f, 80, 81, 78, 
111,118 

X 

I 7 610.7 
I 6 278.2 
I 6 967.0 
I 6 863.0 
I 37.41 
6 769.9 


• 0 . 01 


62.8 
I 40.96 
16.1 

I 3 909.39 
I 3 897.89 
74.7 

63.6 

26.7 

04.0 
3 706.8 
3 649.1 

33.25 

14.0 
3 686.7 

63.66 
I 3 320.16 
1 08.31 

3 230.61 
I 04.74 
I 3 194.71 
I 22.79 
22.6 

17.0 
3 033.4 

I 29.21 
2 995.0 
90.3 

73.26 


X 

2 963.77 

54.4 
32.19 

13.5 

07.1 
05.90 

1 2 891.96 
I 83.45 
38.0 
26.4 
22.7 
19.98 
02.21 
2 780.83 
I 48.26 
1 00.88 
I 2 688.70 

88.2 

87.6 

I 75.96 
1 41.50 

1 2 590.07 


I 6 666.8 

2 

2 

I 

44.2 

6 230.30 

2 

3 

I 

10.61 

I 5 064.61 

2 

2 


03.3 

I 4 811.61 

3 

2 

I 2 427.98 

I 4 792.62 

8 

6 

I 2 387.77 

I 4 607.4 

4 

2 

I 

76.26 

1 4 488.26 

4 

4 

I 

64.58 

I 37.29 

4 

3 

I 

62.67 

I 4 316.1 

1 

3 


40.22 

I 4 241.82 

1 

3 


14.67 

1 4 084.14 

1 

2 


04.80 

I 66.08 

6 

8 


2 291.61 


283 


73 

59 

39 

29 

22 

09 

1 590 
62 
34 
00 

« A 


35 

02 

975 



832 

458 


5 

6 
6 
3 
3 

3 

4 
3 
3 
3 

3 

4a 

4d 

4 
2 

20 

5 

4 

5 
1 



S 

10 

lOR 

9R 

2 

2 

2 

1 


1 

Sqn 

3 


Ba C 


•i, lai, i4t» les, 174, 
tt4, as2, aat) 


X 

I 30 934 
I 687 
469 
29 791 
1 224 

27 751 
26 221 
1 25 516 
23 255 
22 313 
221 
I 21 477 
I 20 712 
19 988 
075 
18.204 
17 182 
065 


A 

3 
2 
2 

4 

5 
3 
2 
5 

3 
2 
2 
2 

4 
3 
2 
2 
1 
1 


I 

Si 


83 


5 

6 
1 
6 
3 
7 
2 

10 

10 

3 
2 
2 

4 
4 

2u 

4 

4 
3 

10 

10 

2 

3 
6 

7 
6 

8 
7 

5 

6 
6 

4 
6 

8R 

5 

6 
6 

8R 

5 

6R 

6R 

7R 

8R 


Ba, — (Contintted) 

X I A S 

I 6 498.77 8R 4 

II 496.91 lOR lOR 

482.93 7R 3 

I 450.86 7 3 

I 341.70 7R 3 

II 141.74 lOR lOR 

I 110.80 8R 6 

I 063.16 8R 4 

I 019.49 7R 3 

1 5 997.102 7R 3 

I 71.714 10 3 

I 07.6 6 2 

11 5 853.7 8R 6 

I 26.30 7R 4 

06.71 6R 2 

00.34 7 2 

I 5 777.7 lOR 6 

6 680.17 6 1 

I 6 635.63 lOR 6 

I 19.11 8R 5 

I 5 424.63 7r 3 

11 4 934.10 lOR lOR 

I 02.88 4r 

II 4 899.96 8 10 

I 4 726.46 8r 6 

I 00.45 6r 1 

4 691.63 7R 4 

I 73.61 7v 2 

I 28.83 6v 1 

I 19.98 5r 1 

4 699.76 6R 2 

79.66 8R 8 

73.88 6R 4 

II 64.037 lOR lOR 

II 24.95 8 lOr 

23.25 8r 3 

05.94 8 5 

I 4 493.64 5v 2 

I 88.97 7v 2 

31.91 7 6 

02.55 8 6 

4 350.38 8 5 

I 32.91 4v 1 

I 23.00 4v 1 

1 4 283.12 8 8 

II 4 166.04 5r lOr 

32.44 5 3 

II 30.68 8R lOR 

I 3 993.40 8R 6 

I 37.88 5 3 

I 35.72 7r 6r 

I 09.92 6r 6r 

3 892.65 5 

II 91.78 8r 8R 

89.32 6 2 

3 630.65 8r 2 

I 3 579.7 6r 2 

I 47.7 4u 

I 44.7 6r 

I 25.0 6r 

I 01.12 8R 2 

1 3 421.5] 

I 21.0 10 

I 20.3 


Ba. (Coniinued) 
X I A I 


I 3 377.4 I 
I 77.0 J 

1 66.9 

I 3 262.4 
I 3 071.60 
I 2 786.26 
II 71.4 

I 02.65 

II 2 647.29 
II 34.80 

I 2 596.68 
II 28.61 

II 2 347.68 
II 36.25 

II 04.22 

II : 869 
11 1 694 
74 
1 554 
04 
1 416 
1 331 


6r 

3R 

8R 

6r 

2 

6r 

4 

5 
6r 

6 
6R 
6R 


6R 

3r 

2 

4 
8r 

6r 

7 

lOR 

8R 

5 

6 
4 

3 

4 
3 
2 


Be (»»f •«# 

X 

23 110\ 
097 / 

22 239 
21 897 
560 
17 671 
16 794 
15 961 
400\ 
393/ 
0131 
006/ 

14 904 
13 227 
12 356 
329 
141 
10 674 
283 

II 6 274.28 
II 4 674.66 
4 572.69 
II 4 362.21 
I 3 322.303 
I 22.042 
I 21.969 
II 3 275.67 
II 3 198.01 
II 31.972 
II 31.324 
II 3 047.86 
I 2 651 
I 2 494.720 
I 94.575 
I 94.532 
I 2 351.50 


•1, ISO, 27a) 

I A I S 


2 

2d 

3 

2 

2 


10 

7 

7* 

7 

6 


4 

8 

1 

7 

2 

2 

2 

5 

4 

5 
10 

4 

lOs 

3 

3 

3 
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Be, — (Coniinued) 


1 Bi, — (Continued) 

\ 

A 

s 

X 

A 

2 348.62 

8R 

3 

4 340.6 

1 

I 2 176.72 

10 


28.6 


I 2 066.71 

4 


08.66 

4 

II 1 776 339 


8 

08.20 

4 

II 76.118 


6 

02.13 


II 1 512.461 


10 

4 259.64 


II 12.303 


8 

4 121.86 

6 

11 1 036.32 


3 

21.62 

6 




4 079.22 





3 888.22 

2 

Bi (13» 50, 74, 75, 70, 

90, 91, 1 

87.94 

2 

130, 154, 170, 200, 223 

, 276) 

3 792.9 


X 

A 

S 

3 695.53 


25 654 

1 


3 596.11 

3R 

14 332 

3 


10.86 

6R 

12 691 

3 


3 405.23 

2R 

167 

4 


3 397.21 

6R 

11 095 

1 


3 076.67 

3 

711 

10 


67.73 

9R 

566 

1 


24.64 

8R 

073 

1 


2 993.34 

9R 

10 540 

1 


89.04 

9R 

302 

2 


38.31 

lOR 

106 

2 


2 897.98 

lOR 

9 829 

2 


09.63 

8R 

9 657.2 

10 


2 780-52 

7R 

9 342.6 

4 


30.60 

1 

5Rd 

9 058.6 

2 


2 696.76 

6Rd 

8 907.8 

2 


27.93 

8R 

8 761.6 

3 

1 

1 

2 624.52 

7R 

8 754.9 

2 


15.68 

6R 

8 627.9 

1 


2 489.4 

6U 

8 679.7 

1 


30.6 

2u 

44.5 

2 

1 

00.89 

8R 

01.8 

1 

1 

1 

2 328.2 

2u 

8 210.8 

10 


09.3 

4U 

7 840.3 

o 


2 276.57 

5R 

38.7 

' 3 


30.62 

8R 

7 602.3 

2 


28.25 

6R 

7 441.3 

1 


14.1 

3 

7 335.0 

1 


03.1 

4u 

7 036.2 

2 


2 189.59 

6R 

6 991.1 

4 


77.3 

6R 

6 809.1 


7 

64.1 

4R 

6 600.1 


7 

66.9 

4R 

6 497.6 

1 

4 

63.5 

4R 

76.2 

3 


52.9 

7R 

75.6 

3 


44.4 


6 134.85 

5 

1 

43.6 


28.1 


4 

34.4 

8R 

6 861.14 


4 

33 6 

7R 

5 742.65 

6 


13.8 

3 

5 599.41 

3 


10.3 

8R 

62.24 

8 

3 

2 061.7 

8R 

6 209.28 


10 

'1 973.2 


5 144.50 


6 

59.6 


24.4 


4 

02.6 


4 797.5 


3 

1 823.5 

3 

33.8 

2r 


1 791.7 

4 

20.9 


3 

87.1 

3 

22.7 

8 

8 

76.7 

3 

22.5 

to 

8 

1 533.7 

5 

22.2 

10 

5 

1 346 


4 561.15 


8 

17 
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Br.- 

X 

2 380.8 
86.8 
1 633.6 
1 682.4 
76.6 

76.0 
40.8 

31.0 
1 488.6 
1 384.6 
1 261.8 


(Cofitinuaci) 

S 

3 

3 


c» (1, 61, 74, 7S, 90, 91, 119, 
194, 159, 16S, 170, 174, 

191, 193, 303, 350) 


10 

8 

6 

0 

6 

7 

8 
8 
4 


C (27, 33, 33, 60, 79, 90, 
99.1, 154, 166, 167, 190, 
193, 363, 363.1, 397) 


II 7 236.10 
11 31.12 

II 6 682.86 
II 78.03 
ni 4 652.68 
m 51.46 
m 48.70 
II 4 267.27 

II 67.02 
II 3 020.773 

II 19.061 
U 2 002.63 
II 2 837.602 
II 36.710 
II 2 747.31 
II 46.50 

I 2 478.3 

III 2 207.50 

III 1 030.08 
1 657 

1 1 561.3 

IV 50.0 
1 335.7 

34.5 

20.6 
20.1 
23.7 

1 176 


10 

2 

5 

6 
5 

I 

I 

10 

10 

8 

8 

7 

10 


10 

10 

7d 

6qr 

5 

3 

llO 


U 1 

036.8 

11 

36.2 

1 

10.1 

ra 

077.02 

117 

904 

11 

858.2 

11 

687.1 


661 

11 

636.2 

u 

594,0 


674 .4 

II 

660.6 

II 

543.4 

III 

538.4 

11 

533.9 

III 

459.7 


372 


313 


7 

15qn 

10 

12 

lOqr 

8 
7 

6d 

2 


G 

8u 

6u 

8 

10 


lOu 

8u 

8 

6 

4 

8 

10 

6u 

4u 

10 


X 

I 22 656 
I 625 

I 610 

1 19 047 
1 036 

I 018 

I 865 

I 857 

817 
I 777 

I 507 

I 453 

I 311 

16 433 
I 200 

I 162 

I 145 

13 038 
I 12 822 
I 10 345 
0 695 
0 547 
0 251 


6 717.7 
6 672.75 
6 400.64 
03 . 762 
71.68 

62.67 

66.67 
40.82 
30.060 

6 169.60 
60.08 
66.49 
63.80 
62.20 
61.32 
22.24 
02.73 
5 867.62 



5 602.84 
01.26 

5 608.46 

04.47 

00.10 

88.74 

81.06 

12.03 

6 340.46 
6 270.27 

66.66 

64.23 

62.23 


A 

4 

3 

1 

1 

3 
1 

4 

4 
1 
6 

3 

5 

4 
1 
3 
2 
2 
3 

5d 

10 

7 

7 

3 


II 

8 

662. 

1 

0 

11 

8 

542. 

1 

10 

II 

8 

408. 

0 

8 


7 

610 


6r 

1 

7 

326. 

12 

8 


7 

202. 

18 

8 


7 

148. 

18 

10 


2 

5 
8 

6 
6R 

3 
5 

lOR 

7 

4 
4 

4 

lOR 

5 

lOR 

8R 

4r 

10 

8 
8 

10 

8 

10 

10 

8 

8 

10 

10 

8 

6 
6 


2 

1 

4 

5 

5 

6 
2 
3 
8 
3 

3 
2 
2 

8R 

2 

lOR 

8R 

10 

5 

4 
8 

6 
6 

10 

4 

2 

6 

10 

• 

8 


C*. — (C onlinued) 

X I A I S 

6 261.70 66 

I 60.39 43 

I 6 188.84 6 5 

41.65 8r 3 

I 4 878.17 lOr 8r 

I 4 685.2 4v 1 

I 4 585.01 2 8 

I 85.84 6 

I 81.45 8 6 

I 78.67 85 

1 26.08 65 

4 400.00 10 

I 56.62 45 

I 55.880 8R 8 

I 64.780 lOR lOR 

I 35.682 8R 8 

I 34.964 lOR lOR 

I 25.444 lOR 10 

I 4 355.2 6u 2 

1 18.645 8R 8R 

I 07.74 8R 8R 

I 02.627 lOR lOR 

I 4 208.087 6 8R 

I 80.362 8R 8R 

I 83.003 8R 8R 

I 40.44 42 

I 26.728 lOR lOR 

I 4 098.6 4r 2r 

I 3 973.7 6r 3r 

II 68.473 lOR lOR 

I 67.07 6r 2 

I 48.01 4r 1 

II 33.673 lOR lOR 

I 3 875.7 3 

II 3 736.006 6 lOR 

II 06.03 6 8r 

I 3 644.76 5 

I 44.30 10 4 

1 30.06 51 

I 30.73 61 

I 24.10 61 

I 3 487.61 6r 1 

I 74.78 4r 

I 68.48 4r 

I 3 361.01 6v 1 

I 50.10 6v 1 

I 44.40 5v 

I 3 286.1 5 

I 25.8 4r 

I 15.1 3v 


II 2 208.7 
II 2 107.8 



II 3 181.3 

4 

10 

n 79.34 

6 

lOR 

II 58.87 

8 

lOR 

19.66 


8 

I 3 009.21 

2 

2 

I 06.86 

4 

4 

I 00.87 

4 

2 

I 2 997.31 

3 

2 

I 94.96 

3 

2 

24.33 

8 


2 890.78 

9 


2 493.00 

7 


I 2 308^58 

8R 

IR 

I 2 275.6 

1 

4R 


II 12.7 

II 03.2 

2 040 
36 

II 1 861.3 
II 43.7 

II 40.2 

II 38 

II 16.0 

11 07.8 

1 667 
1 562 
II 55 

II 53 

II 1 434 
002 
840 
832 
718 
688 
660 
655 
637 
410 
404 


(Continued) 

A I 

3 

S 3 

^ 2 

! 2 

4 
4 


Cb* 

X 

6 828.14 
6 723.66 
6 677.34 
6 544.67 
6 430.50 
6 083.26 
00.62 
5 866.5 

38.66 
19.47 

5 787.63 

20.2 

6 671.1 

66.67 

64.72 

5 551.38 

6 437.29 
6 360.72 

44.15 
6 276.20 
71.53 
5 180.30 
64.36 
60.33 

34.73 
5 095.20 

78.95 
39.04 
4 080.0 
24.84 

* Cotambium « 


, 90, 91) 

A 

4 

6 

8 

6 

8 

7 
lOd 

6 

8 
6 
6 
6 
7 
6 
6 
6 
7 
7 

10 

10 

9 

6 

7 
6 

5 
10 

8 

6 
5 

I 3 I 

Niobium. 


7 
6 

10 

9d 

8 
7 
6 

4 
Sd 

7 

6 

10 

6 

10 

6 

5 

6 
6 

5 

6 
6 


1 

1 

1 

1 

2 

2 

3 

5 

3 

2 

2 

1 

3 

2 

2 

2 

3 

5 

3 

3 

2 

2 

3 

2 

3 

3 

2 

2 

8 
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Cb. — {Coniintted) 


4 816.33 
10.67 
4 733.88 
13.48 
08.26 
4 676.38 
72.10 

63.83 
48.94 

30.12 
06.76 

4 581.64 

73.09 

46.83 

23.40 
4 447.22 

37.23 
10.22 

4 377.90 
61.60 
31.42 
26.37 

01.10 

4 299.63 

62.10 

29.15 

17.96 

14 . 74 
06.32 

4 192.07 
90.91 

68.13 

64.66 
63.64 
62.63 

39.74 

37.13 

29.97 
23 . 85 
00.97 

4 079.73 

68.97 
32 . 55 

3 966.23 

37.47 
;4.7i 

3 818.02 

10.48 

02.98 
.3 798.11 

91 24 

90.14 
87.08 

69.67 

42.41 
40.80 
39.82 

26.24 
13.05 

3 697 84 
3 680 27 
75 86 
63.53 


A 

7 

6 

6 

6 

7 

10 

10 

9 

7 
10 
10 
10 
10 
10 

8 
10 
10 
10 
10 

10 
10 
10 
10 

8 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 * 

10 

10 

10 


s 

1 

3 

3 

3 

4 
8 
9 
4 

3 
10 
10 

6 

6 

4 
3 
3 
8 

3 

4 
3 
3 

3 
6 

4 
3 
3 
3 
3 
3 

3 

4 

5 
5 

10 

5 
4 

4 

3 

4 

6 
6 

10 

3 

3 

3 

3 

8 

3 

4 
4 
4 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 
2 
2 


Cb. — (Coniinxied) 



X 

A 

S 

I 

3 654.62 

1 

lOd 

2 

1 

37.60 

10 

2 

I 

35.30 

10 

3 

I 

10.30 

3 

8 


3 498.62 

10 

2 


*3 358.38 

10 



41.95 

10 

4 

II 

3 236.44 

3 

10 

II 

25.47 

6 

10 

II 

3 194.96 

6 

10 

II 

63.37 

6 

10 

II 

30.78 

8 

10 

II 

3 094.19 

10 

10 

II 

2 950.91 

6 

10 

II 

41.67 

4 

8 

II 

27.82 

8 

10 

II 

2 697.07 

3 

7 


2 584.03 

2 

6 


C<L — {Contirvusd) 


Cd (13, 16, S9, 74, 78, 61, 90, 
91, 132, 164, 176, 204, 

205, 206, 207, 247, 251, 
273, 276, 264, 267) 


I 39 086 
I 16 482 
I 432 
I 402 
I 16 711 
268 
I 164 
1 14 849 
I 473 
I 364 
I 327 
I 13 979 
I 11 630 
I 268 
I 10 394.6 
I 8 200.1 
I 7 399 
I 82.3 

I 46.0 

1 6 777.7 
I 25.83 

1 6 464.98 
I 38.4696 

I 6 369.93 
1 29.94 

1 26.1 

I 6 116.12 
I 11,5 

I 6 099.1 
I 31.4 

6 637.3 
I 04.7 

I 6 598.8 
6 497 

I 5 381.82 
I 78.12 

78 

I 39 

38.6 


6 

6 

2 

7 

7 

10 

2 

8 
8 

10 

10 

2 

4 

10 

lu 

6 

2u 

lu 

2u 


16 

10 

lOR 

10 


lOu 

10 

10 


10 


II 6 337.49 
I 6 297.7 
I 6 086.823 
II 4 881.73 
I 4 799.912 

1 4 678.161 
4 416.68 

II 12.31 

4 245.6 
16.9 
4 191.6 
II 34.78 

27.0 
4 094.8 

67.6 

II 29.08 

3 988.2 

77.3 

76.6 

40.3 
3 862 .1 

I 3 729.06 
I 3 614.4 
I 12.876 

I 10.610 

11 3 635.67 
II 3 495.36 
I 67.666 

I 66.200 

II 17.40 

I 03.663 

3 298.97 

I 61.06 

I 62 . 526 

II 60.29 

3 186.53 
I 33.167 

29.23 
3 095.6 
I 80.828 
I 2 980.622 
1 2 881.24 
I 80.78 
I 68.3 
I 36.92 
I 2 763.9 
II 48.58 
I 12.6 
I 2 677.6 
I 39.60 
II 2 673.04 
I 63.6 

2 469.76 
2 329.27 

II 21.16 
II 12.88 
06 63 
I 2 288.03 
67.47 
II 65.03 
39.86 
II 2 194.62 
TI 44.39 


A 

3 

3 

lOR 

lOR 

10 

1 


4r 

7 

8R 

lOR 


8R 

lOR 

lOR 

4 

lOR 

8r 


' 8r 

8R 

4R 

8R 

6r 

8R 

6R 

6r 

8d 

6R 

4 

4r 

8R 

1 

4 

4R 

lOR 

4R 

4R 

6R 

1 

4R 


5 
26 

10 

10 

10 

10 

6 
10 

4 

6 

4 

15 
4 

4 

5 
10 

4 

6 
6 
6 
3 

7 

9 

lOR 

20 

16 
10 
8R 
10 
10 
4R 

7 

6u 

26 

6 

6r 

6u 

6r 

3r 

6 

3U 

6 

3r 

6U 

3U 

10 

lu 

3u 

lu 

10 


4 

6 

7 

lOR 

3 

lOR 

2 

lOR 

3 

4R 

6R 


Cd.- 

X 

2 062.0 
56.3 
04.2 
1 996 
42 
39 
21.8 
00.7 
1 873.6 
66.0 
44.6 
1 773.1 
68.8 
47.9 
07.5 
1 628.7 
1 614 
1 472 
66 
62 
1 397 
69 
847 
396 


(ConltniMd) 

I A I 


:e («, 81, 75, 

184, 

X 

8 772.08 
8 647.59 
12.62 
8 560.60 
8 496.64 
8 306.20 
71.90 
63.82 
55.32 
10.22 
00.68 
8 261.03 
46.10 
34.12 
8 171.32 
8 026.69 
02.66 
7 860.54 
59.05 
35.81 
7 797.73 
7 689.13 
7 397.78 
29.92 
7 252.72 
38.38 
7 160.21 
7 086.31 
61.69 
30.98 
6 909.87 
86.00 
24.80 
6 899.07 
98.49 


188) 

( A 
3 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
3u 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
3 

3 

2 

2 

2 

3 

2 

2 


18 

15 

10 

6 

6 

6 

8 

6 

20 

8 

8 

20 

20 

20 

10 

1 
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Ce.— 

X 

6 774.27 

04.40 
00.67 

6 666.65 
52.75 

28.90 
06.87 

6 656.65 
13.63 
6 473.69 

67.40 
66.89 

58.06 
6 393.06 

71.13 

43.98 

10.03 

00.22 

6 295.58 

72.06 

32.47 

28.98 

09.00 
6 186.16 

23.66 
6 098.35 

69.48 

67.99 

43.39 
24.18 

13.41 
5 976.87 

40.86 

34.40 
28.34 

10.00 

5 871.58 

62.49 

38.12 
12.9 

04.42 
5 788.15 

73.12 
68.94 
43.54 
26.84 

19.04 

5 699.22 

96.99 
77.74 
69.96 

55.14 
14.73 
01.28 

6 556.27 

12.06 
5 472.27 

09.23 
5 393.39 
30.53 
5 274.23 

11.91 
5 191.63 

87 44 


A 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 
4 
3 
3 

3 

4 

3 

4 
3 

3 

4 

4 
3 

3 
6 

5 
5 

4 
4 
4 
4 

5R 

3 

4 

4 

5 
4 
4 
4 

4 

5 

4 

5 
5 

5 

4 

6 

5 

3 
5 

4 
8 

5 

6 
7 
5 
5 

4 

5 

6 


Ce.— 

X 

5 117.14 
5 079.68 
44.02 
22.85 
4 971.50 
4 893.93 
82.44 
4 773.93 
37.24 
26.09 

14.01 
4 684.61 

54.28 

28.15 
06.41 

4 593.93 

72.28 

62.35 
39.74 
28.47 

27.36 
09.18 

4 471.24 
60.21 
49.33 

18.78 
4 396.58 

91.66 

82.17 

76.18 

49.79 

37.76 

20.73 

06.73 
4 296.68 

89.94 

56.79 

48.67 
22.62 

4 186.60 
65.61 

62.01 

49.94 
37.64 

33.82 
06.89 

4 083.24 
73.49 

40.76 
12.40 

3 999.25 

93.83 
92.39 

56.29 
52.58 

42.76 
3 890.00 

78.37 
75.04 

53.16 
01.53 

3 786.63 
64.12 
16.36 


(CorUinued) 

I S 

1 

2 

1 

1 

2 

2 

3 

3 

3 

2 

3 

3 

2 

10 

5 

10 

10 

10 

5 

5 

5 

3 

5 

10 

4 

5 

2 

8 

5 

3 

4 

4 

3 

4 

8 

6 

3 

6 

5r 

10 

10 

10 

10 

10 

10 

3 

5 

4 

8 

10 

6 

4 

3 

3 

8r 

6 

3r 

2 

2 

2 

8 

3 

3r 

3 


Ce.— 

X 

3 709.29 
3 679.42 

67.97 
55.85 

23.84 
13.70 

3 677.46 
60.82 
39.08 

17.38 
3 488.65 

86.06 

76.84 

42.38 
26.20 

3 377.13 
66.56 
44.76 

04.84 
3 285.23 

72.26 

34.17 

21.17 
01.72 

3 194.83 
71.63 
46.40 

03.38 
3 063.00 

61.98 

17.18 
2 976.90 
2 896.76 

33.30 
2 791.42 
2 696.06 
61.02 
1 373 
32 
830 
741 
399 


(Continued) 

A 

8 

6 

9 

10 

7 

lOR 

8 
8 
7 
7 

7 

8 
6 

7 

8 
7 
7 
7 
7 
6 
7 
7 
7 
7 
7 

6R 

6 

6 

6 

5 

4 

4 

4 

4 

4 

4 

4 


(Continued) 


S 

3r 

2 

3 

3 

3 

2 

4r 

4r 

2 

2 

1 

2 

2 

1 

1 

2 

1 

2 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 


1 

20 

20 

20 

6 

1 


Cl (a, 29, 31, 33, SB, SI, ItS) 

X S G 

5 634.9 1 

6457.1 3 

44.2 3 

43.4 1 5 

23.2 2 6 

5392.1 2 4 

21.3 1 4 

17.8 1 3 

6 078.2 2 4 


X 

4 904.7 
4 896.7 
19.4 
10.0 
4 794.5 

81.3 
68.6 

4 601.0 
4 672.6 

26.3 
4 490.0 

76.3 

69.4 

38.6 

03.4 
4 389.8 

87.6 
79.9 

73.0 

71.6 

69.5 

63.3 

43.7 

36.3 

23.4 

07.6 

04.1 
4 291.8 

53.4 

41.3 

34.0 

26.4 

09.7 
4 168.0 

32.5 

04.8 
4 032.2 
3 914 

3 868.7 
61 

51.5 

51.0 

45.7 

45.4 
43 

33.4 

27.7 

20.3 
06.2 

3 798.8 
81.2 

50.0 
3 650,1 

02.1 
3 622.0 
3 392.8 

53.3 

40.3 
29.0 

20.5 

15.3 
3 289.7 

69.2 
3 191.4 


S 

2 

2 

10 

10 

10 

3 

2 


2 

10 


G 

4 

5 
9 
9 

10 

5 
4 

4 

6 

5 

3 

4 

5 

4 

5 
8 

5 
8 

6 

5 

6 
8 

10 

5 

6 
6 

4 

5 
9 
8 

6 

7 
6 
4 

3 

4 

5 

5 

6 
10 

8 
10 

8 

8 

5 

8 

5 

5 

6 

5 

6 
6 
4 
2 
6 
8 

7 

8 
8 
8 
6 
6 
4 
7 
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Co. — (ConbntMd) 


X 

3 676.555 

I 

39.44 

27.81 

I 

02.083 

I 3 587.19 

I 

75.36 

I 

74.96 

I 

69.38 

I 

64.95 

I 

50.60 

1 

33.361 

I 

29.814 

I 

29.037 

I 

26.853 

I 

23.438 

I 

21 57 
20.087 

I 

18.352 

I 

13.483 

1 

12.642 

I 

10.419 

1 

09.847 

I 

06.316 

I 

02.282 

1 3 

495.683 

1 

89.404 

I 

85.345 

74.019 

I 

65.794 

1 

62.808 

1 

53.514 

1 

49.445 

I 

49.172 

1 

43.646 

1 

33.041 

1 

12.335 

I 

09.177 

1 

05.120 

I 3 395.379 

I 

88.176 

I 

85.228 

1 

77.06 

54.383 

I 

46.941 

34.151 

3 

19.48 

283.46 

I 3 

65.347 

60.814 

54.20 

47.17 

43.84 

159.66 

I 

68.76 

I 

49.30 

1 

47.06 

1 

39.94 

I 

37.32 

1 3 

086.77 

I 

82.61 

1 

72.34 

I 

44.00 

1 2 

989.59 

I 

87.17 



Co. — (ConHnued) 


S 

X 

A 

S 

6 

2 886.45 

5 

2 

2 

15.55 

4 

1 

4 

2 766.22 

4 

2 

4 

45.10 

4 

3 

10 

31.11 

4 , 

2 

5 

2 676.99 

4 

4 

4 

63.53 

4 

10 

10 

48.65 

4 i 

10 

4 

32 4 


10 

3 

2 674 36 

3R 


4 

64.04 

3 

10 

6 

59.40 

3 

10 

3 

41.95 

2 

10 

6 

I 28.97 

3R 

2 

5 

19.8 

1 

10 

5 

11.1 

2R 

4 

3 

06.4 

3 

10 

7 

2 464.2 

2 i 

8 

4 

47.7 


10 

6 

32.3 

3R 

5 

4 

24.9 

3R 


5 

I 16.3 

3R 

2 

8 

I 11.6 

3R 

3 

6 

I 07.3 

1 

3R 

2 

5 

2 397.4 

1 

1 

10 

7 

88.9 

2 

lOR 

3 

78.6 ' 

2 

10 

8 

63.8 

2 

10 

5 

07.9 

2 

6R 

6 

2 286.2 

2 

6R 

10 

76.6 

3 

1 

6 

13.9 

3 

1 

5 

2 196.6 

5 


6 

65.6 

3 

2 

6 

05 

4 

1 

4 

2 011.5 


7 

6 

1 974.1 


4 

10 

69.4 


5 

6 

56.6 


6 

6 

66.2 ! 


4 

4 

50 


4 

1 

40.3 


6 

4 

28 


5 

2 

1 882.2 


4 

4 

46 


4 

2 

1 790.4 


4 

3 

72.7 


5 

1 

1 631.6 


3 

2 

1 680 


5 

2 

74 


5 

2 

02 


3 

2 

1 128 


3 

1 

937 


5 

3 

342 


1 

2 




3 

o 

Cd. see hn 


O 




3 

Cr 78, 78, 80, ft, 108, 148, 

3 

184, 181, 198, 218, 

1 

3 

113, 888) 


3 

X 

A/ 

i S 

4 

26 232 

2 


3 

25 902 

1 


3 

850 

2 




Cr. — (CofUintted) 


X 

25 816 
785 
709 
665 
584 
560 
490 
460 
18 717 
664 
584 
479 
16 861 
680 
13 462 
11 611 
483 
392 
337 
312 
168 
016 
10 906 
820 
673 
486 
082 
9 948 
9 734.5 
9 670.5 
9 674.2 
9 447.0 
9 294.1 

90.4 
9 142.6 

41.1 

40.4 
9 035.9 

I 21.8 

I 17.08 

I 09.97 

8 976.8 

47.2 
8 548.8 
8 455.2 

60.3 
8 348.3 
8 235.9 
8 163.2 
7 942.0 

08.3 
7 722.9 

I 7 462.4 
I 00.3 
I 7 356.97 
I 6 979.81 
78.60 
I 25.23 

I 24 15 
6 883.04 
I 82.41 

I 81.65 
6 716.42 

I 





Cr. — (CorUinued) 


6 669.26 
61.12 
6 637 96 
01.23 
I 6 362.87 
I 30.11 
6 261.27 
6 102.71 

5 884.44 

6 791 . 02 

87.98 

85.02 
83.93 

83.13 
81.81 
12.77 

5 698.33 
94.73 

64.03 
1 5 409.80 
1 5 348.31 
I 45.80 
I 28 35 
I 5 298.28 
I 96.69 
I 75.16 
I 65 73 
I 64.15 
I 47.56 
I 08.429 
1 06.039 

1 04.54 

5 166.24 

6 013.31 
4 954 80 

22.26 
4 887.01 
70.80 
29.36 

01.04 
4 789.35 

56.13 
37.34 
18.45 

08.04 
I 4 652.165 
I 46.172 
I 26.187 
1 16.132 
I 00.76 

I 4 591.41 
1 80.06 
I 45.96 
40.71 
11.92 
1 4 496.860 
65 35 
58.53 
I 4 384.98 
I 71.28 
1 59.63 

I 61.770 
I 51.05 
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\ 


i 



8 


6 

6 

6 

5 
4 
4 

10 

a 

4 

6 
7 
7 

4 
7 

5 

6 
6 
7 
9 

10 

6 

0 

4 

6 

6 

9 

6 

6 

6 

6 

7 

2 


6 

5 

5 

6 

5 

6 

5 
9 
8 
8 
8 
8 

10 

6 
6 
8 

10 

6 

8 

8 

10 

8 

10 

10 

10 

8 

6 

10 

10 

8 




I 


EMISSION SPECTRA—Cb TO Dy 




Ct. — (Coniinued) 


Cu* — (CoTiiinued) 

X 

A 

S 

X 

A 

S 

2 631 


10 

4 177.7 

6 

2 

00 


8 

I 4 063.4 

6 

1 

2 697 


10 

I 62.7 

10 

7 

73 


8 

I 22.70 

10 

8 

44 


10 

I 3 861.76 

3 

1 

26 

1 

10 

3 771.9 

3 

1 

2 495 


8 

41.26 

3 

1 

2 274.6 


10 

00.54 

3 

1 

68.3 


10 

3 621.23 

6 

2 

21.3 


10 

02.04 

8 

2 

06.3 


10 

I 3 699.137 

8 

2 

2 180.2 

1 

9 

33.74 

7 

1 

47.6 


10 

30.384 

7 

2 

42.2 


10 

27.49 

6 

1 

32.4 

1 

10 

20.00 

4 

1 

02.4 


10 

I 12.11 

6 

3 

2 089.2 


8 

3 483.76 

6 

3 

80.6 


8 

I 67.860 

4 

1 

36.7 


8 

64.72 

6 

3 

1 936.2 


8 

60.33 

7 

6 

1 889.2 


6 

02.23 

4 

1 

84.0 


6 

3 381.428 

3 

1 

4 



66.36 

6 

2 

Ct, see Lu 


37.860 

8 

3 




17.20 

6 

2 

Cu (». 14, «9, 62, 

74, 78, 

90, 91, 

07 . 960 

9 

7 

111, 113, 170 

• 1T4, 181, 

3 293.92 

4R 

2R 

214, 223) 


90.646 

10 

6 

X 

A 

s 

79.80 

6 

3 

I 18 220 

1 6 


I 73.966 

lOR 

lOR 

1 104 

7 


I 47.649 

lOR 

lOR 

I 16 663 

4 


43.16 

6 

4 

I 008 

6 


31.17 

4 

2 

I 8 002.77 

10 


08.20 

6 

2 

I 7 033.23 

10 


I 3 194.10 

i 8 

3 

7 670.1 

6 


1 46.82 

1 

6 

1 

i 2 

6 006.0 

6 


42.43 

7 

2 

6 741.4 

6 


40.33 

6 

2 

6 672.23 

6 


28.67 

6 

2 

6 486.16 

; 6 


26.10 

7 

3 

74.20 

5 


16.33 

7 

2 

6 326.4 

4 


08.60 

8 

6 

6 268.3 

6 


3 099.92 

6 

3 

I 6 782.16 

6 

6 

94.00 

6 

2 

I 00.24 

5 

4 

73.82 

6 

2 

6 554.94 

2 

1 

I 63.42 

7 

3 

35.8 

1 

1 

36.10 

8 

2 

6 292.54 i 

4 

4 

10.843 

7 

1 

I 20.06 

6 

6 

2 997.37 

6 

4 

I 18.203 

10 

10 

61.183 

9 

6 

I 6 163.26 

8 

8 

2 882.95 

6 

3 

1 05.546 

7 

6 

24.38 

10 

5 

6 016.63 

2 

2 

1 I 2 766.39 

10 

4 

4 704.60 

4 

2 

13.6 

1 

5 

4 674.78 

5 

3 

01.1 

1 

6 

61.17 

8 

7r 

1 2 618.39 

lOR 

3 

4 687.00 

10 

10 

2 529.43 

1 

5 

I 30.84 

8r 

2 

06.4 

1 

6 

09.39 

6 

3r 

I 2 492.16 

5R 

2 

I 4 480.38 

7 

2 

73.46 

1 

4 

4 378.2 

8 

8 

I 41.62 

6 

2 

4 276.13 

8 

8 

00.10 

2 

me 

5 

48.97 i 

6 

4 

I 2 392.64 

7 

1 
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X 

A 

S 

3 536.04 

6 

6 

31.70 

10 

10 

24.03 

5 

10 

3 494.47 

8 

6 

84.66 

6 

3 

64.36 

6 

10 

13.77 

6 

3 

07.77 

8 

3 

3 393.58 

6 

3 

86.03 

6 

3 

63.67 

6 

2 

19.87 

6 

3 

08.87 

6 

3 

3 282.78 

6 

3 

69.12 

6 

1 

36.87 

6 

3 

16.60 

6 

3 

3 162.79 

4 

3 

41.09 

4 

2 

3 043.46 

4 

1 

16.98 

3 

1 

2 986.92 

3 

1 

48.30 

3 

1 

06.39 

3 

1 

2 877.90 

3 

1 

16.38 

3 

2 

2 772.69 

3 


2 634.80 

3 1 

1 

00.17 

3 


2 660.19 

3 


2 422.76 

3 


Em, see Rn 

Er (•s, 66, 

90, 91) 


X 

A 

S 

7 680.00 

3 


7 469.46 

5 


7 316.29 

3 

1 

1 

1 

7 136.69 

3 


7 001.44 

3 


6 961.87 

3 


6 897.63 

3 


48.11 

4 


6 769.88 

4 


21.93 

4 


6 610.75 

4 


01.11 

6 


6 683.47 

6 


6 441.33 

5 


6 388.19 

6 


26.13 

5 


08.79 

8 


6 299.43 

5 


21.01 

6 

1 

6 076.46 

5 


06.80 

5 


6 902.10 

6 


5 826.78 

6 

1 

5 762.80 

5 

1 

57.62 

5 

1 

39.17 

6 

1 

10.88 

4 

1 


(Continued) 

A 


Er, — (Continued) 


X 

3 692.65 
38.68 
3 599.84 
3 499.12 
64.50 
01.84 
3 372.77 
68.07 
12.42 
3 267.11 
30.95 
3 154.28 
3 070.77 
25.91 
2 964.52 
10.36 


(26, BB.l, 10S.1» IBlf 117, 

263) 

X 


Eu (69, 90, 91) 


7 217.65 
7 194.80 
7 077.14 
6 864.57 
02.78 
6 645.20 
6 501.57 
6 437.63 
6 360.02 
03.42 
6 262.26 
6 188.10 
73.03 
6 083.89 
6 967.09 
6 831.98 
6 577.12 
70.31 
47.44 
6 452.95 
61.62 
02.77 
6 367.61 
6 223.48 
6 133.62 
5 022.91 
4 911.40 
4 661.90 
27.26 
4 594.07 
22.56 
4 435.54 
4 205.01 
02.01 


S 


10 


4 129.72 

10 

10 

3 971.95 

10 

10 

30.51 

10 

10 

07.10 

10 

10 

3 819.64 

lOR 

10 

3 724.97 

10 

10 

3 688.42 

i 10 

10 

3 334.32 

5 

2 

3 111.43 

6 

1 

2 906.68 

5 

5 

2 727.77 

4 

6 


7 800.6 
7 764.9 
7 673.6 
52.2 
7 482.96 
26 

I 7 398.8 

32.1 

11.2 

7 202.4 

I 7 037.66 
I 6 909.88 
I 02.49 
I 6 870.25 
I 66.05 
I 34.29 
I 6 774.00 
62.9 
6 669.72 
1 6 413.65 
1 6 348.50 
I 6 239.66 
4 446.8 
4 299.1 
46.3 
4 103.4 
4 025.1 
3 898.8 

61.7 
60.0 
47.1 

3 602.7 
01 

3 598.9 

05.8 

03.3 

01.9 
3 476.2 

73.6 

16.4 
3 262.7 

40.8 
01.1 
3 164.1 

61.7 
958.49 

66.63 
54.78 

51.81 
679.19 

77.17 

76.06 
68.34 
56.86 
56.10 

08.06 
07.48 
06.95 

06.81 
06.27 
06.67 

672.66 
46.84 


5 
1 
2 
2 
2 
2 

6 
10 
10 

7 


EMISSION 8PECTRA~Dy TO Fb 


293 


P, — {Continued) 

X G S 

III 467.70 7 

III 30.15 4 

20.1 1 

378.6 1 


Fe (40, 49, 100, 177, 178, 179, 
193, 194, 197, 919, 915, 295, 
945, 940, 960, 975) 


(Continued) 


X 

26 220 
26 987 
16 317 

T66 

15 821 
815 
771 
625 
306 
206 
213 
054 
14 828 
711 
558 
513 
402 
288 
237 
13 800 


12 034 
11 975 
884 
641 
10 144 
063 

0 738.7 
I 9 350.6 
0 258.5 
10.0 
0 118.0 
00.6 
Q 080.4 
88.2 
70.6 
8 009.5 
8 866.9 
38.4 

I 24.254 
I 8 688.640 
1 61.02 
I 8 468.42 
I 8 387.786 
I 31.95 
I 27.06 
8 220.42 
8 085.21 
I 46.086 
I 7 008.08 
45.887 
I 37. is 
7 832.24 
7 780.505 


A 

2 

3 

2 

2 

3 

3 

4 
3 

3 

4 
4 

4 

2 

2 

2 

4 

8 

10 

4 

4 


7 748.286 
7 664.304 
7 586.07 
I 68.931 

31.18 

11.05 
I 7 496.10 
I 46.781 

I 11.19 

I 7 380.43 

86.40 
I 7 293.08 
I 88.78 

1 30.00 

I 07.42 

7 187.34 
I 64.48 

I 30.05 

I 7 090.414 
68.420 
6 078.860 
45.213 
16.710 
6 886.77 
55.182 
43.681 

41.36 
28.614 

6 760.16 
6 678.00 
63.45 
00.12 
6 592.92 
69.23 
46.250 
6 404.00 
62.736 
I 30.856 

21.36 

11.67 
08.04 
00.02 

6 303.61 
36.84 
I 35.34 
18.026 
I 01.62 
I 6 207.802 
1 65.142 

52.565 
46.34 

30.732 
1 13.439 

6 101.566 
I 73.344 

57.733 
37.700 
36.623 

6 065.491 
27.058 

24.06 
5 062.745 

34.68 


A 

4 

4 

7 
4 
4 
0 

8 
0 
8 
7 
4 
6 
4 
4 

10 

10 

0 

10 

6 

6 

7 

7 

4 

4 

6 

4 

5 
4 
4 

6 
4 

4 

5 
5 


F e. — (Continued) 

X I A 

6 930.17 5 

14.16 6 

5 883.842 4 

62.36 4 

6 763.01 4 I 

31.772 3 

17.86 3 

1 09.39 3 

01.553 3 

I 5 658.83 4 

I 24.55 5 

1 15.66 6 

6 608.30 3 

I 86.760 6 

I 76.10 4 

I 72.86 5 

I 69.630 5 

63.600 3 

I 06.783 4 

I 01.470 4 

I 5 497.521 4 

I 73.911 3 

1 55.614 6 

I 46.920 6 

I 34.627 6 

I 29.701 6 

24.06 4 

16.19 4 

I 06.780 6 

I 5 397.133 6 

83.37 6 

I 71.496 7 

41.027 6. 

28.636 4 

I 28.044 7 

I 24.190 6 

I 02.31 6 

I 6 283.63 7 

1 81.80 5 

70.360 8 

I 69.540 10 

I 66.566 8 

42.496 3 

1 32.96 8 

27.191 8 

I 16.28 5 

I 02.340 5 

I 6 108.715 4 

I 94.948 I 5 

I 92.35 8 

I 01.46 7 

I 71.601 7 

I 60.03 2 

67.492 8 

66.288 3 

I 51.016 3 

I 50.844 4 

I 39.48 8 

1 30.27 6 

33.68 5 

1 27.364 3 

I 23.725 4 

10.415 4 


1 

1 

4 

1 

4 

1 

3 
2 
1 
2 
2 
2 
1 
6 
6 
6 
6 
8 
6 
6 
6 
6 
6 
2 
2. 
6 
6 
2 
2 
2 

4 
8 

3 
1 

5 

4 
1 
1 
1 
1 
2 
2 
2 

5 
4 
1 
1 
1 
3 
Z 
2 


Fe. — (Continued) 
X A 

I 6 107.646 4 

I 5 098.706 7 

I 83.344 4 

I 79 . 743 3 

I 79.228 3 

I 51.640 4 

I 49 . 826 6 

I 41.760 3 

41.077 3 

I 12.072 4 

I 06.131 6 

01.87 6 

I 4 094.136 3 

83.868 4 

66.10 5 

I 67.61 10 

I 57.31 7 

I 38.825 6 

I 20.515 10 

I 19.00 8 

I 03.32 5 

1 4 891.60 9 

I 90.77 7 . 

I 78.220 5 

I 72.149 6 

I 71.330 8 

I 69.75 2 

4 789.656 3 

86.812 3 

41.533 3 

36.78 6 

I 33.697 3 

10.288 3 

I 07.28 5 

4 691.416 4 

78.855 6 

67.461 4 

I 64.503 4 

47.438 4 

38.019 4 

1 32.918 3 

30.128 3 

19.297 4 

11.290 4 

I 07.662 4 

1 02.046 3 

I 4 592.666 4 

47.853 3 

I 31.154 6 

I 28.621 7 

I 4 494.570 4 

89.745 3 

I 82.262 4 

76.024 7 

69.387 4 

66.556 5 ' 

61.657 4 

I 59.125 5 

I 47.724 6 

I 42.346 5 

1 30.621 4 

27.313 6 

22.572 4 


1 

I 

1 

1 
1 

2 
1 
1 
2 
2 
2 
1 
1 
1 
8 

3 
1 
8 

4 
2 

5 
4 
2 

3 

4 
2 
2 
1 
1 
3 
1 
1 
2 
2 
2 
2 


2 

1 

1 

4 
1 
2 
1 
2 
2 
2 
2 
6 

5 
1 
4 
4 
3 
3 
2 
3 
2 

% 

2 

1 

2 

2 
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Fe. — {Continued) 


X 

A 

S 

1 4 415.128 

8 

10 

I 08.420 

4 

1 

I 04 754 

8 

10 

I 4 383.549 

10 

10 

75 . 933 

6 

2 

69.777 

3 

2 

52.739 

4 

2 

I 37 . 052 

6 

2 

I 25 . 767 

9 

10 

I 15.089 

5 

3 

I 07.908 

8 ; 

10 

4 299.24 

7 

4 

I 94.130 

6 

4 

82.408 

6 

3 

I 71.765 

8 

10 

60.484 

10 

10 

I 60.792 

8 

6 

60.130 

7 

4 

47.438 

6 

2 

38.82 

4 

2 

36.95 

8 

I 4 

33.611 

6 

1 3 

27.439 

1 7 

4 

25.463 

4 

1 

22 . 224 

6 

! 2 

19.365 

6 

3 

16.188 

4 

1 

10.367 

6 

3 

I 02.033 

7 

6 

4 199.099 

6 

5 

98.313 

6 

3 

91.44 

6 

3 

87.807 

6 

4 

87.048 

6 

4 

84.896 

4 

2 

81.760 

6 

4 

76.642 

4 

2 

66.804 

4 

2 

54.816 

4 

2 

I 47.676 

4 

1 

I 43.873 

7 

6 

43.420 

6 

3 

34.683 

6 

2 

I 32.062 

7 

4 

27.616 

4 

1 

18.661 

6 

3 

14.463 

4 

1 

09.810 

4 

2 

07.494 

6 

2 

4 076.638 

6 

2 

74 . 792 

3 

1 

I 71.744 

7 

8 

67.986 

5 

1 

67.277 ! 

3 

1 

66.983 

4 

1 

I 63.600 

8R 

10 

62.448 

4 

2 

1 46.818 

8R 

10 

21.871 

6 

2 

14.636 

4 

2 

09.717 

6 

2 

I 06.248 

7 

1 

6 


Fe. — {Continued) 


Fe. — (Continued) 


3 998.069 
97 . 397 
83.963 
77 . 745 
71.327 
I 69.262 
67 . 426 

I 66.068 

66.682 
56.461 
6‘2 . 607 
61.168 
49.957 
48 . 780 
42.446 
I 40.883 

36.817 
I 30.302 

I 27 . 924 

I 22.916 

I 20.261 

18.646 
I 17.186 

07.938 
I 06.484 

03.903 
I 02 . 949 

I 3 899.711 
I 98.01 

97 . 896 
I 96.660 

93.396 
91.932 
1 88.619 

I 87.063 

I 86.286 

78.66 
I 78.676 

I 78.022 

73.766 
I 72.606 

67.221 
I 66.627 

I 69.913 

69.216 
I 66.373 

I 60.821 

I 49 . 970 

43 . 261 
I 41.052 

1 40.440 

39 . 269 
I 34.226 

33.313 
I 27.826 

I 25.886 

I 24.446 

21.182 
I 20.430 

I 16.843 

I 12.967 

1 07.641 


6 

6 

6 

6 

4 

7 

4 

5 

6 
4 
4 
4 
4 
4 

3 

4 
4 

7R 

6 

6R 

6 

4 

5 
3 

6 

3 
7 
6 

4 
4 
6 
4 
4 
7 
6 

7R 

4 

6R 

6 

4 
6 

3 
6 

7R 

6 

6R 

5 

6 
6 

6R 

6R 

5 
7R 

4 
6R 
8R 
6R 

6 
8R 
7R 

6 

4 


5 

2 

3 

2 

2 

1 

6 
2 
2 

3 
2 
1 
2 
2 
2 
1 
1 
1 

4 
4 
4 

4 
1 
2 
1 

3 
1 

5 

4 
2 
2 

3 
2 
1 

4 
3 

6 


5 
4 
2 
4 
2 

4 

6 
2 

5 
2 
4 
2 

6 

4 
2 
6 
1 
8 
8 

5 

3 
10 
10 

4 
*> 


3 806.701 
06.346 
I 3 799.550 
I 98.613 
97.618 
I 95.005 

90.095 
87.883 
86.960 
I 67.195 

65.543 
I 63.791 

60.053 
I 58.236 

I 63.615 

I 49.488 

I 48.266 

I 45.902 

I 45 . 564 

43.470 
38.309 
I 37.135 

I 34.868 

I 33.320 

32 . 399 
I 27.622 

24.380 
I 22.565 

I 19.938 

16 449 
I 09.250 

07 . 922 

07 . 825 
I 05.668 

04.464 
01.086 
3 694.002 
89.459 
I 87.469 

86.000 
84.112 
I 83.058 

82.24 
I 79.916 

77.631 
76.314 
69.624 
69.620 
65.467 
51.741 
49.509 
I 47.846 

45 . 825 
40.392 
38.299 
37.862 
34.336 
32.041 

I 31.466 

31.098 
25.149 
23.188 
22.007 


A 
6 
6 
6 
6 

5 

6 

4 
6R 

5 
6R 

6 
6R 

5 
7R 

5 
8R 
6R 

6 
7R 

4 
4 
7R 
9R 
6R 
6 
6R 
6 
6R 
8R 
6 
6 
6 

3 
6R 

5 

6 
6 
6 

6R 
6 
6 

4 
6 

5 

6 

4 
6 

5 
4 

6 
6 

6R 
4 
6 
6 

4 

5 

6 
6R 

5 

4 

5 

6 



(Continued) 
A 
6 
6R 
6 

4 
6R 

6 

5 

5 

3 

4 

6 
. 5 

5 

6 
6 
5 
4 

8R 
4 
7 
7 
7R 
4 
6R 


3 621.463 
I 18.770 
17.789 
12 . 079 
08.861 
06.682 
05.461 
03.206 
3 689.464 
I 89.107 

I 86.988 

86.116 
I 86.709 

I 86.321 

84.960 
84.664 
82.203 
81 . 197 
76.761 
71.998 
70.24 
I 70.102 

68.979 
I 66.382 

I 68.619 6 

66.881 6 

64.928 8 

63.744 6 

46.642 6 

42.080 6 

41.089 6 

40.129 4 

37.730 4 

36.668 6 

33.196 6 

33.006 4 

30.384 4 

27.796 4 

26.673 6 

26.468 4 

26.378 3 

I 26.167 6 

I 26.02 4 

24.242 4 

24.076 4 

I 21.266 5 

I 13.821 5 

06.500 6 

I 3 497.844 6 

97.111 4 

I 90.676 6R 

89.673 4 

86.343 6 

1 83.010 4 

I 76.707 5 

76.663 4 

I 76.466 6R 

68.849 4 

I 66.865 6R 

59.917 4 

I 52.280 4 

61.919 6 

60.333 6 


5 
3 

6 

3 
1 
6 

4 
3 
3 
1 
1 
3 
3 
3 

3 
2 
2 
2 

10 

1 

2 

10 

1 

6 

4 
2 
4 
2 
1 
3 
3 
1 
1 
3 
2 
1 
1 

1 

1 

1 


2 

2 

1 

1 

3 

3 

1 

3 
2 

4 
1 
1 
1 
3 

3 

1 

3 

1 

1 

1 

1 
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Fe. — (CofUinued) 


3 447.282 
45.153 
43.881 
42.365 
40.991 
40.612 
28 . 197 
27.123 
26.640 
26.389 
24.289 
22.663 
18.611 
17.845 
13.136 
07.463 
04.364 
02.262 

3 399.338 
94.691 
92.668 
92.309 
83.985 
83.698 
80.115 

79.024 
78.683 
70.787 
55.234 
47.932 
41.912 
37.670 
28.870 
23.741 
14.746 
06.358 
05.978 

3 298.137 
92.60 
92.03 
90.993 
86.761 
84.593 
82.90 
80.265 
71 . 008 

68.25 
65.623 
65.053 
•64.521 
57.599 
54.368 
51.24 
48.211 
46.973 
44.189 
39.441 
36.227 
34.621 
33.975 
33.056 
28.262 
27.816 


6 1 

II 3 227.767 

4 2 

25.791 

6R 3 

22.072 

4 1 

19.817 

6R 4 

19.68 

7R 4 

17 . 387 

6 2 

16.943 

6 4 

14.046 

6 1 

II 13.32 

4d 1 

12.000 

6 2 

11.696 

4 2 

10.836 

1 

6 2 

10.246 

6 2 

06.400 

7 3 

00.479 


7<1 

6d 

4 

6 

4 

5 
4 

6 

4 

5 
4 
4 

6 
4 
4 
4 
4 
4 

4 
6 
8 
8 

5 
5 
5 
4 
8 
4 

0 

4 

5 

6 
4 
6 

3 

4 
4 

4 

5 

6 

4 
8 
8 

5 

5 

6 
5 
4 
4 


I 3 199.627 
96.940 
92.807 
91.664 
88.838 
I 84.901 

81.63 
I 80.765 

80.227 
78.014 
76.449 
71.36 
66.442 
61.947 
60.660 
67 . 878 
67.042 
61.347 
43.985 
42.891 
42.447 
I 34.114 
29.337 
I 26.664 

20.436 
19.496 
I 16.636 

I 00.671 

I 00.309 

I 3 099.97 
I 99.901 

I 91.682 

I 83.747 

I 75.725 

68.180 
I 67.253 

67.123 
I 69.092 

I 67 . 463 

55.268 
63.071 
I 47.611 

45.086 
I 42.673 

I 42.028 

I 41.748 

40.434 
I 37.393 


■{CorUintted} 

1 ^ 

757 4 

791 8 

m 6 

317 4 

>8 6 

387 4 

343 6 

m 8 

32 4 

yoo 4 

396 4 

336 6 

346 4 

WO 7 

179 6 

>27 6 

ml 4 

307 6 

>64 5 

338 6 

ml 4 

^ 4 

'65 4 

!27 8 

>14 6 

49 6 

5 4 

42 4 

47 6 

60 6 

78 4 

42 4 

47 6 

85 6 

91 4 

47 4 

14 6 

37 4 

64 6 

36 4 

96 4 

36 5 

71 4 

[)9 4 

7 4 

\)1 \ 4 

32 4 

17 4 

25 6 

30 4 

S3 5 

23 4 

)2 6R 

>3 5 

38 4 

n \ 4 

11 6 

36 4 

^3 6 

IS\ 4 

18 4 

(4 4 

>3 6 


Pe. — (Continued) 

X I A 

1 3 031.643 6 

31.219 4 

30.156 4 

I 26.469 6 

I 25.848 6 

25 .639 4 

I 24.038 5 

I 21.077 6R 

I 20.645 6R 

I 20.498 6 

I 18.989 6 

1 17.633 5 

11.486 4 

I 09.576 5 

08.145 5 

I 07.287 4 

07.148 4 

I 00.953 5 

00.454 4 

2 999.517 6 

[ 94.436 6R 

90.396 4 

[ 87.296 6 

[ 84.834 4 

[ 81.448 4 

[ 73.237 4 

[ 73.137 4 

[ 70.108 4 

[ 69.483 4 

[ 66.901 6R 

65.258 5 

59.997 4 

57.370 6 

63.943 4 

50.25 6 

48.44 4 

47.878 6 

47.66 4 

44.40 4 

41.345 8 

37.81 6 

36.904 7R 

29.006 7 

26.68 7 

18.029 5 

12.160 8 

2 899.420 4 

95.04 .4 

94.51 4 

87.81 4 

77.303 6 

74.177 7 

72.34 4 

69.310 6 

66.63 4 

63.867 6 

63.434 4 

68.898 4 

51.800 8 

48.718 4 

46.695 4d 

43.97 7 

43.63 6 


8 

2 

2 

2 

2 

2 

2 

2 

3 

3 

2 

2 

2 

1 

2 

2 

1 

1 

2 

1 

2 

3 

1 

1 

6 

2 

2 

2 

2 

2 

3 

2 

2 

2 

2 

1 

1 

3 

4 
4 
3 


I 

II 

I 

I 

IX 

I 

II 

I 


Pe, — (Continued) 
X I A 
2 838.120 6 

32.435 6 

31.66 3 

2r.89 4 

26.69 4 

26.66 6 

23.278 7 

13.289 9 

06.985 7 

04.624 7 

2 797.777 4 

91.79 3 

89.81 3 

88.107 6 

87.94 4 

83.69 3 

81.80 4 

79.30 3 

78.85 4 ' 

78.228 6 

74.73 4 

73.23 4 

72.112 6 

72.08 4 

67.618 7 

66.91 4 

64.33 4 

63.11 4 

62.029 6 

61.81 4 . 

61.786 6 

59.816 4 

67.32 4 

66.332 5d 

66.74 8 

64.03 4 

63.69 4 

63.29 4 

60.87 4 

60.15 6 

49.324 7 

49.183 4 

46.987 7 

46(f486 7 

44.53 6 

44.07 8 

43.199 6 

42.41 6 

42 .258 4 

39.651 9 

37.31 6 

36.971 4 

36 .479 8 

34.27 4 

34.01 4 

33.680 9 

30.74 4 

28.03 4 

27.541 6 

27.39 3 

26.24 3 

26.06 4 

24 90 I 4 


2 

1 

1 . 

1 

10 

1 

1 

6 

2 

10 

8 

10 

1 

1 

% 

8 

1 

1 

10 

1 

4 

2 

1 
1 

2 
3 
1 
6 
2 
1 
1 
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F e. — (C&rUinited) 


2 724.89 

I 23.681 

I 20.909 
19.43 
19.036 
18 45 
14.88 

II 14.417 
11.66 
10.55 
08.68 

06.59 
04 00 

2 699 11 
96.29 
96 00 

94.54 
92 61 

89.84 
89 22 
84.76 

81.59 
79 064 
66.82 
66 64 
64.67 
66.15 
61.72 
41 65 

35.82 
32.25 
31.33 

31.05 

30.08 

I 29.60 
28.300 

II 26 68 
25.50 

23.54 
21.674 

20.70 
20.42 

19.08 
18.03 
17.624 

13.84 

II 11.88 
07.098 

06.83 
2 699.67 

II 99.40 A 

98 . 377 
92.80 
II 91.56 

88.006 
87.96 

11 85.884 

84.642 
11 82.691 

82.31 
77.94 
76.87 

76.70 


A 

3 
6 
7 

4 

7 
4 

4 
6 

5 
4 

4 

5 

3 

4 

6 
4 
4 

3 

4 

5 

3 

4 

6 
4 
3 
3 
3 
3 

3 

4 

4 
6 
6 

3 

5 

6 

8 

4 
4 
6 
3 
3 

3 

4 
6 
8 
8 
7 

5 

3 

6 
7 

4 
4 
6 

3 
7 

4 
4 
4 
4 
4 
4 


s 

3 

2 

2 

2 

2 

1 


1 

1 

2 

4 

1 


4 

1 

2 

4 


4 

4 

1 

1 

1 

1 

1 

3 

4 
2 

3 
8 

4 

3 
1 

4 
2 
2 
2 
1 
6 
8 

10 

10 


10 

8 

4 

4 

3 

10 

1 

4 

3 

3 
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Ga (48» 7*1 Mf 14«, 169, 

ITl, S6S) 


I 6 413.74 
1 6 396.8 
4 864.9 
4 172.06 
4 033.01 
3 806.8 
3 676.3 
3 004.1 
1 2 944.20 
1 43.66 

I 2 874.24 
2 780.2 
1 19.66 

1 2 669.87 
1 2 500.18 
I 2 460.07 
ol8.70 
2 371.30 
38 
2 294 
1 846.0 

13.9 

02.3 
1 799.2 
1 626.3 
1 586.3 

34.5 
1 495.4 

83.9 

14.4 
1 338.1 

03.6 
1 299.6 

06.9 

93.6 

86.3 
79.2 

67.1 

64.6 

58.8 
28.0 

1 196.0 

92.9 

70.4 

63.6 

66.1 

36.9 
36.9 

33.6 
26.1 

20.6 
02.7 

1 060.2 

989.5 

938.6 

909.3 

874.4 

860.4 
839.9 
828.8 

800.4 
646 


A 

8R 

10 

lOR 

lOR 


5R 

lOR 

lOR 

3 

2 

2 

1 

1 

1 

IR 

IR 


6 

6 

lOR 

lOR 

6 

7u 

6 


2 

8 

9 

7 

7 

7 

8 
10 
10 

6 

10 

7 

10 

9 

10 

6 

7 

7 

7 

6 

9 

7 

6 

6 

9 

6 

7 

5 

6 
6 
6 
6 
7 
6 
6 
6 

5 

6 
6 

5 

6 
6 
2 


Ga. 

X 

611 

609 

426 

124 


Gd («8» »«i 
X 

7 846.36 
7 733.60 
7 563.02 
7 464.37 
7 394.91 
24.91 
13 28 

01.24 
7 262.7 

52.72 
01.43 
7 189.64 

72.30 
68.3 
47.37 
22.58 

18.90 
7 068.07 

64.61 

60.97 

37.24 

06.13 
6 996.77 

91.89 

85.86 
67.71 
16.68 

6 887 . 66 

67.14 

46.61 

28.30 
6 762 . 67 
6 634.4 

6306.16 
6 114.07 
6 913.66 

5 764.20 

61.86 
33.86 

01.36 

6 696.20 

43.24 

17.91 

5636.16 
6 393.64 

70.69 

53.21 

60.36 

42.98 
6 156.84 

03.46 
6 092.24 

16.03 
4 821.69 

01.03 
4 786.80 


(Continued) 

I A 1 


. 144) 


A 

3 

4 
6 
4 

4 

5 
4 
4 

6 
6 

4 
6 
6 

10 

5 

6 
4 
4 
4 
4 
6 
6 

10 

6 

7 

4 

7 
6 

5 

8 

6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
8 
6 
6 

7 

8 
6 
6 
6 


4 767.23 

68.67 
43.64 
32.58 
28.46 

4 683.34 

01.03 
4 697.90 

96.97 

82.50 

40.01 

19.62 

06.24 
4 476 13 

38.23 
36 18 

22.44 
21.27 

19.04 

06.67 
01.86 

4 387.63 

47.25 

46.45 
42.18 

41.26 
27.11 
25.66 
16 05 

4 280.54 

62.09 
61.75 
38.77 
25 87 

25.10 
17.15 
14.97 
12.00 

4 197.68 

84.28 

37.10 

32.29 
30.39 

4 098.91 
98.64 
86.59 
78.73 

78.46 

73.80 
70.36 

63.46 
49.90 
49.44 
37.89 
37.34 
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N d. — {Continued) 


X 

7 529.03 
13.77 

11.15 
7 448.73 

18.18 
7 189.41 
29.36 
7 066.90 
37.34 
6 846.74 
03.98 
6 790.42 
40 10 
6 655.67 
50.56 

30.16 
6 485.69 
6 385.18 

41.48 

10.48 
6 178.55 
6 073.97 

71.70 
66.05 
07.63 
5 804.00 

5 729.28 

08.25 

6 688.49 

20.58 
6 694.40 
6 485.68 

31.53 
6 361.47 

19.80 
5 293.17 

49.54 
5 192.62 
4 920.66 
4 869.01 

26.47 
11.33 
4 706.64 
4 634.21 
4 679.30 
63.21 

41.25 
01.82 

4 462.96 

61.55 

46.37 
11.03 
00.84 

4 385.68 
75.00 
68.20 
61.23 
27.93 
25.77 

14.60 

03.61 
4 282.61 

47.37 




Nd. — (Continued) 


N e. — (CorUinued) 

s 

X 

A 

S 

X 

G 


4 232.40 

8 

1 

5 

8 236.42 

7 


4 178.68 

6 

3 

8 136.41 

4 


77.34 

9 

10 

8 082.46 

8 


66 16 

10 

10 

7 943.19 

8 


35 33 

9 

7 

7 544.052 

8 


00 47 

9 

8 

35.784 

8 


09.09 

8 

6 

7 488.887 

6 


4 075 24 

7 

2 

72.455 

6 


69 26 

5 

4 

38.89 

8 


61.09 

10 

10 

7 245.166 

10 


21.76 

7 

1 

3 , 

7 173.938 

10 


12.28 

9 

10 

7 059.115 

4 


3 994 70 

8 

5 

51 30 

4 


90.13 

9 

6 

32 411 

6 

1 

63 12 

7 

6 

24 . 046 

6 


51 15 

9 

8 i 

6 929.466 

9 

1 

41 53 

7 

8 1 

6 7i7 043 

5 

3 

05 00 

7 

4 1 

6 678 276 

8 

2 

00 25 

6 

6 

6 598.953 

8 

1 

3 894-66 

6 

3 

32.883 

5 

1 

92 06 

6 

4 

06 528 

10 


90.96 

7 

4 

6 444.70 

6 


90.59 

6 

4 

21.68 

6 


89.96 

6 

3 

09.71 

6 


75.86 

6 

2 

02 . 246 

10 

2 

63.37 

• 

10 

8 

01.08 

5 


51.73 

8 

5 

6 382.991 

10 

2 

1 3 780.40 

5 

3 

64 96 

6 

3 

35.69 

7 

5 

51 8 

6 

6 

3 653.10 

6 

I- 2 

j 

34 428 

9 

5 

09.78 

5 

w 

1 

30 89 

6 

4 

3 592 58 

5 

2 

28.16 

7 

3 

43.33 

• 6 

1 

2 

13.65 

6 

4 

3 410 21 

4 

1 

04 . 789 

5 

4 

3 388.01 

5 

1 

6 293.7 

5 

5 

28.26 

5 

2 

66.495 

10 

4 ' 

00.14 

4 

2 

58 78 

5 

3 

3 276.20 

4 

2 

46 71 

5 

3 

17.10 

4 

1 

17.281 

9 

5 

3 133.66 

4 

2 

13 88 

6 

8 

3 092 91 

4 

2 

06.76 

5 

5 

Ke (T, 41, 44, l«0 

, 181, 104, 200, 

6 182.15 

5 

4 

220, 27S 

, 277) 


63.594 

8 

3 

X 

1 G 

60 27 

5 

4 

9 300.70 


2 

43.062 

10 

5 

9 220.28 


2 

42.61 

5 

5 

01.88 


2 

28.45 

6 

6 

9 148.72 


2 

6 096.163 

8 

10 

8 865.72 


3 

74.338 

9 

10 

63.97 


3 

29.997 

7 

10 

8 783.75 


4 

00.95 

5 

6 

80.63 


4 

5 991.68 

6 

6 

8 681.86 


3 

87.93 

7 

8 

79.52 


3 

75.634 

8 

6 

54.380 


6 

74.64 

9 

8 

34.63 


6 

65.44 

10 

8 

8 591.25 


6 

61.63 

5 

6 

8 495.37 


7 

44.834 

9 

6 

18.41 


7 

39.32 

6 

8 

8 377.62 


7 

18.92 

7 

10 

00.35 


7 

13 63 

7 

8 

8 266 02 


6 

06.44 

5 

8 

59 36 


4 

02.48 i 

5 



[4e. — (Continued) 

X 


6 881.895 
72.84 

72.17 
68.4 
62.488 
28.91 

20.17 
11.42 
04.45 
04.10 

5 764.42 

48.65 
48.29 
19.63 
19.22 
18.90 

5 689.81 
62.55 

66.66 
56.03 

52.67 
5 563.05 

62.76 

62.44 

33.68 
5 448.51 

33.65 

18.66 
12.66 
00.56 

5 372.31 
60.02 
58.02 

55.40 
55.18 
49.21 
43.29 
41.097 
30.78 

26.41 
01.77 

5 298.20 
08.87 
03.90 

5 193.23 

93.12 
88.61 
51.96 
46 01 
44.93 

22.34 
22 26 
16.49 
13.66 

6 080.38 

37.74 

31.34 
05.15 

4 994 92 

67.12 
57.03 
55.38 

4 892.08 


7 

6 

7 

10 

6 

6 

10 

6 

6 

6 

9 

10 

10 

5 

5 

6 
6 
6 
6 
6 
6 

5 
8 
8 

6 
6 
6 

5 

6 
8 

7 

8 
5 

5 
8 

6 
7 


^ Ot 9 QO Ot Ot 00 0^ ^ ^ (0 0 ^ ^ 0 ^ ^ 0 ^ ^ ^ ^ 2 ^ ^ ^ g 


EMISSION SPECTRA— Nd TO Ni 


(CofUinusd) 


Ne. — {CorUinued) 


Nu — (Coniintied) 


X 

4 884.91 
37.31 
27.69 

27.34 

21.93 
18.79 
17.64 
10.07 

4 790.22 

88.93 

80.34 

68.72 

52.73 
49.56 

15.34 
12.06 
10.06 
08.86 
04.39 
02.53 

4 679.13 

78.21 

61.09 

66.38 

46.41 

28.30 
09.91 

4 582.46 

82.05 
76.86 

75.06 

40.38 

88.31 
37.76 
37.68 

36.31 
4 488.00 

83.19 

26.42 
24.81 
22.62 

3 727.3 

13.3 

01.22 

3 694.4 

86.73 
82.23 

64.3 
33.660 
09.17 
00.16 

3 593.632 
93.522 

74.9 

68.7 
20.470 
15.189 
01.214 

3 498.063 
72.673 
66.678 
64.337 
60.524 


G 

8 

7 
6 

8 
6 
6 
6 

5 
8 
10 

6 
6 
8 
6 

10 

8 

8 

10 

10 

5 

5 

6 

5 

6 
6 
7 

7 

5 

6 
10 

6 

8 
6 

10 

6 

5 

6 
5 

5 

6 
6 
6 
9 
7 

9 
7 
7 
7 
6 

5 

6 

7 

8 
6 
8 

10 
6 
6 
6 
8 
6 
6 
6 


X 

G 

3 454.195 

6 

47.703 

7 

17.903 

8 

3 369.905 

10 

69.81 

; 8 

65.2 

6 

35.1 

7 

3 148.60 

6 

26.19 

1 6 

3 079.18 

5 

78.87 

5 

76.97 

6 

63.69 

6 

57.39 

7 

2 992.44 

6 

92.42 

6 

82.66 

7 

74.71 

7 

47.30 

6 

32.72 

5 

13.17 

6 

2 872.66 

5 

2 795.10 

5 

2 675.64 

6 

75.24 

6 

51.01 

6 

47.42 

8 

45.70 

5 

45.51 

6 

2 595.21 

6 


NL — (ContinUfed) 


( 8 , 12 , 54 , 75 , 87 , 90 , 91 , 
109 , 114 , 177 , 193 , 212 , 

216 , 226 ) 

X 

18 040 
17 986 
16 999 
868 
495 
409? 

363 
313 
14 874 
102 
13 969 
829 
722 
553 
11 591 
198 
10 980 
378 
330 
301 
195 

1 9 619.99 
9 106.33 
1 8 862.60 
I 7 917.47 
I 7 863.70 
I 7 797.66 
I 88 06 



I 7 727.68 
I 15.64 

I 14.27 

I 7 619.24 
I 17.02 

I 7 574.10 
I 55.6? 

I 25.18 

I 22.87 

I 7 481.49 
I 22.34 

I 14.51 

I 09,35 

1 7 393.67 
86.24 
85.23 
I 7 291.30 
I 61.94 

I 7 197.07 
I 82.06 

I 22.29 

I 7 024.76 
1 6 914.58 
I 6 842.08 
I 6 772.36 
I 67.79 

1 6 643.66 
35.14 
I 6 598.54 
I 8^ 33 

I 6 482.84 
21.47 
I 6 384.69 
I 78.22 

I 39.17 

I 14.66 

I 6 256.39 
I 23.97 

I 6 191.23 
I 86.77 

76.80 
I 75.44 

63.36 
I 16.16 

I 08.14 

I 6 086.34 
I 5 892.882 
I 67 . 759 

31.60 
I 06.20 

I 6 760.84 
I 64.67 

I 15.09 

I 09.55 

5 694.97 
82.20 
25.28 
I 14.79 

1 6 593.74 
I 92.24 

I 5 476.91 
I 35.87 

11.20 


A 

10 

7 

8 
9 

10 

7 
9 

8 
8 

5 
9 

6 
9 

10 

7 

7 

8 
8 
4 
9 

10 

8 

7 

6 

9 

10 

10 

6 

6 

6 

7 

7 

7 

7 

10 

10 

7 

6 

7 

7 
10 
10 

8 
9 

7 
10 

9 

10 

8 
10 

6 

6 

8 

8 

7 

7 

7 

6 

6 

7 

10 

7 

6 


1 

1 

1 

2 

1 

1 

1 

1 

1 

2 

10 

1 

1 


X 

5 176.65 
I 68.66 
I 55.76 
1 46.48 

I 42.76 
I 37.09 
I 29.38 
I 25.20 
I 15.42 
I 5 099.97 
84.07 
81.12 
80.53 
I 35.36 
I 17.59 
I 4 984.12 
80.17 
04.42 
I 4 866.28 
I 55.42 

I 31.19 

I 29.03 

I 4 786.642 
I 56.526 

I 15.757 

I 14.420 

1 4 686.21 
I 48.655 

I 04.991 

I 00.366 

I 4 592.535 

I 4 470.484 
I 62.462 

I 59.044 

I 01.551 

I 3 858.33 
1 31.690 

I 07.14 

I 3 783.53 
I 75.57 

I 36.812 

1 22.48 

I 3 674.13 
I 19.392 

I 10.47 

I 3 597.700 
I 71.872 

I 66.375 

1 24.539 

I 15.056 

1 10.339 

00.852 
I 3 492.962 
I * 83.781 
I 72 . 55i 

I 61.661 

I 58.467 

I 52.891 

I 46.262 

I 37.281 

I 33.57 

I 23.710 

I 14.77 


A 

6 

8 

9 

10 

10 

8 

8 

7 

9 

7 
6 
9 

8 
10 

7 

9 

9 

9 

7 

8 
5 
8 

10 

7 

8 
10 

5 
10 

9 

8 

9 

9 

8 

9 

10 

10 

6 
8 
8 
8 
6 
0 
6 

10 

9 

8R 

7R 

lOR 

lOR 

OR 

7R 

6 

lOR 


2 

1 

1 

3 

3 

3 

2 

2 

2 

3 

2 

3 

3 

3 

3 

3 

3 

8 

3 

3, 

3 
1 

4 
3 
3 
8 
8 
8 
2 
8 

5 

5 
3 
1 

3 
10 

4 

6 

3 
10 
10 
10 
10 

4 
10 


83.781 

6R 

4 

72.55i 

7R 

5 

61.661 

lOR 

10 

58.467 

lOR 

10 

52.891 

6R 

5 

46.262 

lOR 

10 

37.281 

6R 

5 

33.57 

9R 

6 

23.710 

8R 

5 

14.77 

lOR 

10 


308 


INTERNATIONAL CRITICAL TABLES 



EMISSION SPECTRA— Ni TO Pb 


309 


O. — {Continued) 
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4 563.13 

34.15 
17.58 

10.15 
4 496.43 

68.67 

49.84 

29.23 

08.83 

05.84 
4 368.33 

33.98 
05.80 
4 297.75 
80.09 
72.27 
41.03 
25.34 
23.00 

06.72 
4 189.52 

79.43 

64.19 

43.14 
41.26 
18.49 
00.75 

4 062.83 
56.54 
54.87 

08.73 
3 994.81 

89.70 

82.06 

72.15 
64.82 
47.63 
18.85 
08 !3 
08.05 

3 877.22 
16.10 
00.31 
3 762.36 
39.19 
3 687.05 
45.66 
3 355.66 
2 985 77 
80.51 
2 488.75 



Pt — (Continued) 


Pt (24, 78, 90, 91, 127, 131, 
154, 175.1, 266) 


\ 

6 326.6 
6 840.13 
6 478.60 
76.78 
6 368.99 
01.02 
6 227.64 
6 069.48 
4 684.09 
67.95 
4 662.41 
20.90 
4 498.76 
42.65 
4 327.07 
4 118.69 
3 922.98 
3 672.00 
28.11 
3 485.27 
08.14 
3 301.87 
3 204.05 
00.72 
3 166.66 
39.37 
3 064.71 
42.62 
2 997.96 
29.79 
2 893.87 
30.29 
2 794 .21 
71.67 
33.94 
19.02 
04-89 
02.40 
2 669.44 
60.86 
46.89 

28.05 
2 487.18 

67.44 

28.06 
24 90 

2 357.10 

10.97 
2 288.19 
1 928.5 
1 839 
1 723 


1 

1 


680 
697 
1 473 
61 
1 287 


A 
10 
4 
10 
10 
10 
10 
10 
10 
6 
6 
10 
10 
10 
10 
6 
10 
8 
8 
10 
8 
8 
10 
9 

7 

8 
8 

6R 
4R 
7R 
8R 
6 
8R 
5R 
4R 
8R 
6R 
6R 
6R 
lOR 
4R 

m 

7R 
4R 
6R 
8R 
1 

4R 
3 
6 


X 

A 

S 26 

8 224.79 

6 

13 

7 217.58 

6 

1 199 

• 

7 113.75 

10 

IS 

6 842.60 

8 

1 066 

6 710.39 

10 

935 

6 523.5 

4 

930 


5 
1 
1 
2 
2 

1 

• 

6 
2 
3 
1 

3 
10 

4 
10 

6 
3 
10 
10 

3 

4 

3 
8 
6 

4 
3 
3 

3 
10 

4 
10 

4 

3 
6 
6 
2 
6 

4 
6 
6 

10 

4 

4 

6 

2 

2 

2 

10 

2 

6 

3 
6 
6 

4 
6 

3 

4 

4 
6 

5 
3 
3 
3 
3 
3 
3 
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PL 

X 

805 

714 

702 

696 

390 


I A 


lU (»0, »1,*42) 


X 

6 446.1 
6 337.0 
9 200.4 
6 167.2 

5 958.2 
U 5 813.7 

6 660.6 

16.6 
01.6 
5 501.8 
5 406.6 
00.1 
4 971.7 
4 866.1 

I 25.94 
XI 4 682.20 
II 4 633.17 

II 4 436.22 
II 4 340.67 

05 

II 3 814.44 
II 3 649.60 
2 813.73 
2 708.94 


1 

2 

2 

2 

5 

10 

10 

10 

5 

10 

3 

10 

10 

10 

8 


5 

8 

6 
10 

8 

10 

10 

10 

8 

8 

8 

8 

8 

8 

8 

10 

10 

10 

10 

10 

7 
10 
10 
10 

8 


Rb 78, 90, 91, 1S4, 174, 

201, 208, 228, 228.1) 

X A I S 

I 74 280 3 

72 690 2 

I 66 670 2 

1 64 360 2 

I 52 313 2 

I 46 960 8 

I 190 a 

I 39 898 6 

1 827 3 

I 38 611 3 

I 15 290 10 

1 14 754 10 

I 13 667 10 

I 444 10 

I 237 10 

I 10 082 10 

1 7 947.63 8R 

I 7 800.30 lOR 

1 7 408.4 10 

1 7 280.2 10 

6 776.1 9 

I 6 298.6 10 3 

I 06.5 8 2 

I 5 724.5 4 2 

5 699.2 ’ 6 

36.0 6 

5 522.8 6 


Rb.- 

X 

5 152.; 
4 885. ( 
4 782.1 
76.1 
4 648. < 
22 . 
4 671.: 

30. 
4 430. 
26. 
01 . 
4 380. 
77. 
71. 
48. 
4 293. 
73. 
44. 
I 15. 

I 01. 

4 193. 
36.. 
0^. 
4 083, 
3 978. 

40. 
3 801. 
3 699. 
62. 
00 . 
I 3 591 . 


(Continued) 

I A I 


87. 
31. 
3 492. 
61. 
34. 
3 393. 
60. 
48. 
40. 
21 . 
3 271. 
29. 
28. 
3 198. 
11 . 
3 086. 

23. 
2 956. 
2 807. 
2 631. 
2 661. 


1 

6 

9 

0 

6 

4 

8 

3 
7 
1 

4 

7 
1 

8 
3 

9 

• 

.1 

.4 

.6 

.8 

.0 

.2 

.3 

,9 

.1 

.6 

.9 

.6 

.7 

.7 

.6 

.1 

.6 

.7 

.6 

.2 

.1 

.9 

.7 

.6 

.5 

.0 

.1 

.0 

.8 

.4 

.9 

.7 

.1 

.6 

.8 

.9 


lOR 

lOR 


4R 

4R 


5R 

4R 


2R 

2R 


5 

6 

5 

7 

9 
10 
10 
10 

6 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 

9R 

9R 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

4R 

4R 

10 

10 

10 

8 

7 
6R 
4R 

8 
8 

7 
2R 
2R 

8 
6 

5 

6 
10 

6 

6 

5 


9 

233) 

X 1 A 1 

3 

8 425.51 

2 

2 

8 136.20 

4 

2 

8 045.40 

7 

6 

7 830.05 

6 

6 

24.91 

• 

10 

6 

7 791.61 

9 


7 495.22 
75.74 
7 270.82 
7 101.68 
6 965.65 
6 879.94 
6 752.40 
6 630.16 
6 5J9 72 
6 414.7 
6 102.72 
5 983.58 
5 831.57 
06.86 
5 686.36 
5 599.43 

44.60 
35'. 02 

5 424.04 
5 390.43 

79.08 
54.38 

5 193.12 
4 851.62 
4 675.02 
4 528.73 
4 379.93 
74.82 
4 288:72 

11.14 
4*135.29 

28.90 
4 097.54 

82.80 
3 958.86 
34.23 
3 856.50 
33.87 
28.47 
22.35 
3 799.31 

93.22 

65.08 

48.22 
00.92 

3 692.35 
90.72 
57.99 

26.60 
3 597.15 

96.19 

83.10 

28.03 

02.53 
3 478.91 

74.78 

70.76 

62.04 

34.90 
3 396.82 

23.10 
3 283.56 

80.54 

63.14 


rittnued) 


A 

S 

10 


10 


10 


10 


10 


10 


10 

1 

10 


10 


8 

1 

8 

1 

8 

2 

10 

1 

10 

1 

10 

1 

10 

3 

10 

1 

10 

1 

10 

2 

10 

3 

10 

3 

10 

5 

10 

3 

10 

3 

10 

5 

10 

5 

8 

3 

lOR 

10 

lOR 

8 

lOR 

10 

lOR 

10 

lOR 

10 

8 

4 

10 

5. 

lOR 

10 

lOR 

6 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

K) 

lOR 

10 

9 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

8 

lOR 

10 

lOR 

10 

lOR 

10 

lOR 

7 

lOR 

8 

lOR 

8 

lOR 

10 

lOR 

10 

lOR 1 

10 

lOR 

5 

lOR 

5 

9 

2 


Rb. — (Coniinxied) 


X 

A 

S 

2 968.67 

5 

1 

2 715.30 

2 

10 

05.62 

3 

10 

2 625.40 

2 

8 

2 520.53 

2 

10 

2 490.76 

3 

10 


Rn* (234, 236, 2 

X 

7 057 
6 309 
5 977 
45 
5 716 
5 582.4 
5 393 
5 084.5 
4 979.0 
4 817.5 
4 797 
68.8 

21.7 
02 

4 681.0 
44.4 

25.7 

09.7 

04.6 
4 578 

08 
4 460 
35 

4 371.7 
49.9 
08 

4 203.3 
4 188 

66.6 

14.7 
4 017.9 
3 981.8 

71.8 
57.3 

3 867.6 
3 665 
12 

* Radon « (Radium) 
r*nton. 


43, 279) 

G 

3 

5 
3 
2 

6 
8 

3 
10 
10 

7 

2 

7? 

5 

5 
10 
10 
10 

7 
9 

8 

6 
7 
5 

5 
10 

10 

4 
10 

6 
7 
9 
7 

5 

3 
5 

4 

Emanation 


Ru (78, 90, 91, 127, 1 
175.1, 23S) 


31, 


X 

8 710.76 
8 264.95 
7 924.46 
7 881.48 
09.18 
7 791.87 
7 621.52 
7 499.78 
7 393.92 


A 

2 

4 

5 
10 

9 

8 

6 
10 

8 


% 
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Ru, — (Continued) 


X 

A 

S 

7 238.95 

9 


I 7 027.93 

10 


6 981.99 

10 


23.22 

10 


6 824.06 

10 


6 690.0 

10 


I 6 444.81 

9 


I 5 921.45 

10 

1 

I 5 814.99 

10 

1 

I 5 636.24 

8 

3 

5 510.72 

10 

1 

I 5 484 33 

10 

1 

54.82 

10 

1 

27.61 

10 

1 

01.00 

10 

1 

6 361.75 

10 

1 

I 09.26 

10 

2 

I 5 171.03 

10 

2 

I 36.55 

10 

1 

I 4 869.16 

10 

3 

I 15.50 

10 

3 

I 4 757.85 

10 

3 

I 09 48 

10 

5 

1 4 584.45 

10 

8 

1 54.52 

lOR 

10 

I 4 460.04 

8 

8 

I 4 372 21 

10 

10 

I 4 297.72 

10 

10 

I 12.08 

10 

8 

I 4 199.91 

, lOR 

10 

I 12.76 

9 

5 

1 4 080.62 

lOR 

10 

3 923.48 

8 

5 

I 3 799.34 

lOR 

10 

I 98.89 

1 

lOR 

10 

I 90.50 

lOR 

10 

I 86.04 

lOR 

10 

I 42.28 

lOR 

3 

I 30.43 

9R 

8 

I 28.02 

lOR 

8 

I 26.93 

lOR 

8 

I 3 661.35 

8R 

10 

34.94 

lOR 

3 

I 3 596.17 

lOR 

1 

6 

I 93.03 

lOR 1 

6 

I 3 498.95 

lOR 

8 

I 36.74 

loR ; 

5 

28.31 

lOR 

3 

17.35 

lOR 

3 

3 339.55 

8 

2 

I 3 294.13 

8 

8 

3 177.03 

3 

8 

3 064.83 

7 

2 

2 976.68 

4 

10 

65.65 

3 

10 

45.67 

3 

10 

16.26 

8 

3 

2 875.00 

7 

2 

2 734.34 

4 

10 

12.40 

4 

10 

2 692.1 

5 

10 

78.73 

4 

10 

2 402.72 

3 

10 


S (29 


30 , 31 , 32 , 84 , 
227 , 239 ) 


I 9 

I 

I 

8 

8 

7 


7 

I 6 

I 

I 

6 
I 6 
I 
I 

I 6 

I 

I 

1 5 
I 

I 5 


I 


4 

4 


4 

4 


X 

237.71 

28.17 

12.80 

694.3 

585.0 

696.7 
86.1 
79.6 

244.8 
757.2 

48.8 
43 7 

538.1 

415.5 
08.1 

03.5 

052.8 

46.0 

42.0 

706.2 
00.4 

696.8 

60.1 
47.1 

40.0 
14 3 
06 1 

579.1 
64 9 

09.6 

07.0 

473.6 

63.8 

32.8 

28.7 

345.7 

20.7 

279.0 

78.6 

78.1 

12.6 
01.0 

032 5 
14 0 

09.6 

925.3 

696.3 

95.5 

94.2 

525.0 
369r5 

32.7 
294.42 

84.97 

53.60 

189.9 
74.31 
63 

53.2 
45.1 

42.5 

028.8 


S 


1 


1 


1 

3 

2 

2 


91 , 183 , 


G 

3 
2 
2 

4 
6 
8 
6 

4 
6 
7 
6 

5 

6 

4 
3 
2 

7 
6 

5 

8 

7 

6 
6 

8 
8 

5 
8 

6 
8 

10 

5 
8 

10 

10 

9 

8 

8 

6 

5 
3 
8 

6 
8 
8 
6 
6 
6 
8 

10 

6 

6 

5 

8u 

8 

10 

5 

7 
10 

8 
10 

8 

6 


S. — (Contintied) 
X 

3 993.6 
83.7 
28.6 
3 838.29 
37.37 
3 717.7 
3 497.3 
3 098.36 
933.418 
854.81 
815.97 
786.51 
744.92 
48.40 
60.23 
53.75 
661.42 


Sa. — (ConUnti^d) 


Sa (67, 69, 90, 91, 143, 244) 


s 


8 913.66 
8 859.76 
8 717.89 
8 632.83 
8 510.92 
8 305.79 
8 230.34 
8 161.88 
8 068.47 
7 082.40 
39.24 
20.47 
6 955.33 
6 861.14 
6 794 20 
31.86 
6 679.26 
01.84 
6 569.34 
6 487.66 
26.63 
6 256.69 
6 159.49 

5 965.70 

38.91 

6 874.22 

14.88 
6 787.04 
73.77 
6 696.74 
44 11 
26.01 
6 550 38 
19 64 
5 498.22 
93.72 

5 341.26 

6 271.38 
6 071.20 

44.27 
4 910.41 
4 883.78 
44.20 


X 

4 760.28 
04.42 
4 676.92 
15.71 
4 505.31 

43.95 
19.64 

4 467.33 

34.34 

24.35 
4 390.86 

18.95 
4 280.80 

56.40 
29.70 
03.03 
4 118.57 
4 092.29 
3 986.66 
3 745.60 
30.16 
24. Oi 
3 661.36 
34.27 


3 592.62 

6 

5 

3 408.66 

3 

a 

3 365.86 

3 

3 

Sb (13, S», 74, 7B 

1, ftO, »] 

1, 130, 

IS4, 2S7, 

a76) 



8 


1 
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Sb. — (Continued) 


X 

1 4 033.5 
I 3 722.8 
I 3 637.8 
1 3 504.5 
3 498.5 

73.9 
I 3 383.2 
I 3 267.5 

41.2 
I 32.5 
3 040.7 
I 29.8 

2 913.3 
I 2 877.920 
51.1 
2 790.4 
I 69.95 
27.22 
18.90 
2 692.27 
82.77 
I 70.67 

52.60 
12.32 

I 2 598.076 
00.29 
1 28.54 

2 478.34 
I 45.55 
26.36 
2 383.64 
73 .*7 
1 11.5 

06.5 
2 179.25 
I 76.9 
2 068.4 
54.0 
39.7 

23.9 
1 926.6 
1 870.6 

67 
10 

1 783 
62 
31 
25 
12 
1 585 
66.3 
14 
1 438 
1 307 
1 225 
11 
05 
1 193 
71 

68 
62 

1 048 
42 
12 




Sb. — (Continued) 


X 

A 

S 

981 


10 

976 


10 

861 


6 

805 


5 

723 


3 

691 


2 

456 


1 


Sc eOf 91, 96, 123.1, 176.2, 

216.1) 



X 

A 

s 


8 241 . 18 

4 



8 194.87 

4 



7 800.44 

10 



7 741.20 

10 



7 697.76 

10 



7 136.13 

6 



6 835.03 

10 



29 52 

10 



19.51 

10 



17.10 

10 



6 737.90 

10 



6 604.62 

4 

1 


6 413.37 

10 


I 

6 305.70 

10 

1 

I 

6 258.98 

10 

1 

1 

10.67 

10 

1 

I 

5 711.75 

10 

1 

I 

00.15 

10 

1 

1 

5 686.86 

10 

1 

1 

71.81 

10 

1 

11 

57.90 

10 

2 


5 526.82 

10 

3 


20.50 

10 

1 


5 481.98 

10 

1 


5 349.29 

10 

1 


5 239.82 

10 

2 

I 

6 081.57 

10 

2 


31.03 

10 

4 

I 

4 743.82 

10 

4 


4 670.41 

9 

10 

II 

4 415.56 

10 

10 

H 

00.40 

10 

10 

U 

4 374.50 

10 

10 

11 

25.00 

10 

10 

n 

20.73 

10 

10 

11 

14.10 

10 

10 

II 

4 246 ;84 

10 

10 


4 165.21 

6 


I 

4 082.42 

10 

3 

I 

54.55 

8 

3 

1 

47.82 

7 

2 

1 

23.70 

10 

8 

1 

20.41 

10 

8 

I 

3 996.61 

10 

2 

1 

11.81 

10 

6 

I 

07.50 

10 

6 

11 

3 651.81 

10 

10 

II 

45.32 

10 

10 

n 

42.80 

10 

10 

11 

30.76 , 

10 

10 

II 

13 83 

10 

10 


Sc,~~(Coniinued) 


X 

A 

S 

II 3 590.50 

10 

10 

11 89.65 

10 

10 

II 80 . 96 

10 

10 

II 76.36 

10 

10 

II 72 55 

10 

10 

II 67.71 

10 

10 

II 58.55 

10 

10 

35.73 

10 

10 

II 3 372.15 

10 

10 

II 68.95 

10 

10 

II 61.95 

10 

8 

II 61.29 

10 

8 

II 59.69 

10 

8 

53.74 

10 

10 

I 3 273.64 

5 

2 

I 69.92 

5 

2 

3 065-1 

i 

5 

52.92 

: 10 

4 

45.73 

10 

3 

39 94 

10 

2 

I 19 33 

10 

1 

2 988 95 

10 

3 

2 734.10 

4 

! 8 

1 

2 699.12 

6 

10 

II 2 ^0.26 

5 

6 

II 52-39 

10 

10 

2 438.62 

5 


2 272.9 

4 


2 062 


4 

1 993 


5 

1 880 


5 

1 603 


5 

1 214 


6 

791 


5 


Se (80, 169, 189) 


X 

G 

S 

I 7 061.9 

5 


I 6 831.0 

5 


I 6 746.4 

6 


I 6 699.6 

6 


I 79.5 

5 


I 6 325.6 

6 


I 5 961.9 

5 


5 866.2 

6 


42.6 1 

6 


I 5 753.3 ! 

7 


47.6 

7 


r 18 1 

7 


5 697.9 

8 


23 1 

9 


I 17.8 

5 


5 591.2 

8 

1 

67.0 

, 9 

1 

22.6 

8 


5 455-8 

7 


I 5 374.1 

10 


I 69.9 

•10 


I 65.4 

8 


05.3 

9 


5 271.1 

8 


53.7 

7 


27.5 

9 

2 
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Sc. — {Continued) 


X 

G 

S 

A 

1 003 



5 

60 


lOR 

10 

1 854 


7 



Si (73, 79, 90, 91, 94, 154, 160, 

161, 168, 217) 


X 

A 

S 

G 

II 6 371.359- 


2 

8 

II 47,091 


5 

10 

II 5 978.970 



7 

II 57.612 



5 

III 5 739.762 



8 

I 08.400 



5 

II 5 056.020 


2 

10 

II 41.063 


1, 

8 

m 4 674.777 


1, 

4 

III 67 . 872 


2 

7 

III/ 52 . 654 


3 

9 

11 4 130.884 

1 

6 

10 

11 28.063 


5 

8 

IV 4 088.863 


6 

10 

I 3 905.616 

10 

5 

10 

II 3 862.592 


4 

6 

II 56 021 


5 

8 

11 63 . 657 


3 

3 

III 06.56 
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02.303 

3 093.14 

66.37 
60.45 
56.35 
50.88 

44.03 
01.20 

2 989.50 

77.56 
76.53 
76.21 
74.24 

68.38 
57.52 
55.80 
52.08 
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V. — {ConUnued) 



W (*•. *4, Ti, 

i4e) 

X 

8 618.22 
8 584.88 

85.07 
8 123.78 
7 040.82 
7 784.11 
7 688.83 

14.07 
7 568.87 
7 483.34 
7 885.08 
7 286.57 
7 140.51 
6 884.20 

84.28 
6 820.7 







W. — {Continued) 

1 

W. — {Continued) 


X 

A 

S 

X - 

A 

S 

6 603.12 

5 


2 572.3 

1 

6 

6 538.15 

4 


71.46 

2 

6 

6 445.15 

4 

2 

2 488.8 

2 1 

6 

04.22 

4 

2 

1 

46.4 

1 i 

8 

6 292.05 

4 

1 

2 

2 397.11 

2 

10 

6 012.80 

4 

3 

1 895.5 


6 

5 947.58 

4 

2 

1 788.3 


5 

5 804.86 

: 7 

5 

87.0 


5 

5 735.10 

8 

8 

85.5 


5 

5 648.39 

7 

10 

1 679.2 


3 

5 514.72 

10 

10 

1 550.2 

1 

1 

1 

3 

5 492 34 

10 

10 

Xe (7, * 0 , 175, 187 

) 

5 224.68 

10 ! 

10 

I; Spectrum 


5 071.74 

5 

10 

X 

G 

53.30 

10 

2 

8 819.38 


6 

15.34 

8 

8 

8 409.17 


4 

06.17 

8 

10 

8 280.08 

10 

4 843.829 

9 

5 

31.62 

10 

4 680.52 

8 

5 

7 642.04 

i 

4 

4 588.74 

7 

3 

7 393.80 


3 

70.66 

7 

3 

7 285.36 


3 

4 484.20 

8 

4 

6 882.07 


3 

4 302.12 

8 

5 

6 727.90 


3 

4 294.62 

6R 

9 

6 469.70 


3 

15 38 

3 

8 

6 318.06 


3 

4 074.37 

7 

6 

6 182.44 


2 

08.76 

10 

10 

4 923.246 


5 

3 867.98 

5 

5 

4 844.333 

10 

3 736.24 

1 

10 

29.705 

1 

4 

3 641.41 

4 

10 

07.019 

1 

7 

17 .52 

8R 

2 

4 734.154 

8 

13 78 ^ 

3 

10 

4 697.020 


6 

3 592.42 

3 

10 

71.225? 

10 

72.47 

3 

10 

24.275? 

9 

45.23 

6 

3 

03.028 

la 

08.74 

6 

5 

4 582.746? 

4 

4 

3 401.90 

1 

8 

24.680? 

6 

3 376.14 

1 

10 

00.978 

8 

3 077.50 

1 

10 

4 193.5 

8 

49.68 

6R 

1 

16.1 

1 

* 

7 

46.44 

5R 

1 

09.7 

i 

5 

41.86 

5R 

1 

4 078.8 

10 

17.44 

6R 

2 

3 967.6 

i 

1 4 

1 

2 846.88 

8R 

3 

51.0 

10 

44.41 

7R 

3 

3 650.2 

i 

4 

i 

34.99 

5R 

3 

1 

II. Spectrum 


2 896.44 

6R 

3 

X 

G 

86.01 

4R 

2 

6 557 

10 

78.40 

5R 

2 

6 097.6 

8 

i 

7 

79.11 

5R 

2 

51.2 

7 

18.07 

5R 

2 

36.2 

6 

2 774.48 

6R 

3 

5 976.5 

7 

74.01 ; 

5R 

2 

5 751.1 

5 

70.90 

4R 

1 

19.6 

6 

69.76 

4R 

1 

5 667.6 

6 

68.00 

4R 

1 

59.5 

5 

64.28 

4R 

8 

16.8 

6 

62.34 

4R 

2 

5 531.1 

7 

02.1 

1 

10 

5 472.7 

7 

2 658.02 

2 i 

8 

60.4 

6 

2 589.14 

2 

8 

39 0 

8 

78.6 

1 

7 

19.2 

10 

79.3 

1 

5 

5 372.4 

8 



Xe. — 11 . Spectrum. — {Coni' d) 


X 

5 339.4 

14.0 
5 292.2 
5 080.7 
4 921.5 
4 890.1 

83.5 

76.5 

62.5 

44.3 

23.3 
4 698.0 

52.0 
03 0 

4 592.0 

85.5 

77.2 

45.2 
40 9 

4 480.8 

62.2 

48.1 

34.2 

14.8 
4 395.7 

93 2 

30.5 
4 245.4 

38.2 

08.5 
4 193 1 

80.0 

09.0 
4 057.4 

50.0 
3 992.7 

50.6 

22.5 

07.9 
3 895.0 

80.5 
77.8 

41.5 
3 781.0 

76.3 
3 676.6 

24.1 
3 596.6 

83.6 

79.7 

52.1 

42.4 
3 468.2 

67.2 

58.8 

54.3 
3 330.8 

22.2 

3 285.8 

42.8 

39.3 
3 196.2 

51.0 
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Xe. — II. Spectrum. 
X 

3 150.7 

38.3 
3 091.1 

83.6 
65.2 

2 993.0 

79.4 

57.7 
37.9 

2 871.2 
16 0 

14.5 
2 794.9 

17.4 
2 677.2 
05 6 
2 475.9 


(CorU'd) 

G 

6 

6 

5 

6 
6 

5 

6 

5 

6 
5 

5 

6 
5 

7 

8 
10 
10 


Yb* (65, 
X 

7 699.49 
7 527.58 
6 799.66 
6 667.85 
6 489 14 

5 837.13 

6 720.02 
6 652 00 

5 556.47 

39.05 

6 481.95 
5 352 . 94 

35.14 
5 277.07 
4 935.51 
4 786.60 
81.90 

26.07 
4 576.22 
4 439.22 
4 316 96 
4 180.84 

35.13 
3 988.01 
3 795.76 
70.09 
3 694.20 
19.83 
3 560.69 

60.33 
20.24 

3 478.84 
76.30 

64.33 

54.07 
41.50 
31.12 

3 362 60 
42.96 
37.17 
3 289.37 
3 192.87 

♦ Y tterbium " 
AMebaranium. 


90 , 91 ) 

A 

10 

5 

10 

10 

10 

8 

10 

9 
10 
10 

8 

5 

6 
6 

10 

10 
8 
8 

10 

8 

2 

10 

4 
10 

3 

7 
10 

5 

8 
8 

4 
8 
8 

10 

5 
10 

6 
10 
10 

8 

10 

3 


10 

10 

3 

2 

5 

5 

8 

10 

5 

3 

10 

8 

5 

3 
10 
10 

4 

5 
10 

3 

3 

4 

5 
2 

10 

8 


Yb.— I 
X 

3 169.05 

53.86 
40.91 
26.1 
17.78 

07.87 
3 065.03 

31.12 
29.6 
17.57 
09.39 
05 76 
2 994 80 
70.56 
19 36 
14 23 
2 859.81 
51.17 
2 750.49 
2 672.64 
42 53 
2 464.53 


(Continued) 

A I 


4 

10 

4 
10 

3 

3 

5 

3 

6 

4 
2 

3 

4 

5 
3 
1 

lOR 


S 

8 

10 

10 

10 

10 

lOR 

10 

5 

10 

10 

8 

10 

8 

5 
10 
10 

6 
10 
10 

4 

8 


Yt («« 


II 7 
II 7 
7 

II 7 
7 
6 

II 


II 6 
I 


I 6 
II 

6 
I 6 
I 6 
I 6 
I 

I 6 
5 

II 5 
II 


» Neoytterbium * 


, 62 , 66 , 
145 , 

X 

881.7 
450 2 
346 S 
264.16 
191.65 

979.87 
61.67 
60 32 

887.22 
45 23 
796.41 
93.71 
35 99 
00.71 

687.67 
64.37 
13 76 

638 58 
435 03 
222.58 

191.72 

38.45 
023 42 

09.20 

945 . 72 

781 .68 
28.90 
06.73 

662.95 

48.46 
44.69 
30.13 

581.88 
77.42 
66 45 
44.60 
27.55 


78 , 90 , 91 , 130 , 
290 ) 

A S 
2 
4 
4 
4 
‘ 3 
4 
4 
4 
4 
4 

4 1 

4 1 

4 

4 1 

5 1 

4 

5 3 

4 2 

8 8 

6 2 

7 4 

4 2 

4 2 

5 3 

4 1 

4 2 

4 2 

4R 2 

7R 10 

4R 1 

4R 1 

6R 2 

5R 2 

4R 1 

4R 1 

5 2 

6R 3 


X 

II 6 521.62 
II 09.91 

03.45 
II 5 497.41 

66.46 
II 02.78 

II 6 205.71 
II 00.41 

II 5 123.21 
II 5 087.42 
II 4 900.12 
II 4 883.69 

59.83 
II 54.88 

62.69 
45.68 
39.86 
n 23.31 

II 4 682.31 
I 74.84 

58.31 
I 43.69 

4 627.79 
27.26 
05 96 


(Continued) 

I A 


II 4 
I 
I 
I 
I 
I 

I 4 

I 

I 

II 3 
11 

11 3 
II 
II 
II 


I 

II 
II 
II 
I 3 


4 251.18 
35 71 
20.62 
4 177.62 
74.14 
67.52 
42.87 
28.32 

02.38 
4 083.71 

77.38 
47.65 

3 982.61 
50 35 
3 788.69 
74 33 
47.55 
10.30 
3 668.48 
20 94 
11.05 
01.92 
00.73 
3 592.91 
84.51 
48 99 


6R 

9 

8 

5 

10 

5 
10 
10 

6 
10 
10 
10 

6 

10 

6 

6 

9 

4 

5 
8 

6 
8 

7 

8 
8 


3 

3 

II 

II 3 
II 


496.09 

361.99 

27.88 

242.28 

16.67 


7 

8 
7 

10 

7 

8 
8R 
8R 
9R 

7 

6R 

7 
10 
10 

9 

10 

6 

10 

3 
10 
10 
10 
10 

8 

4 
10 

9 

5 
10 
10 
10 


S 

3 

4 

2 

8 

3 
8 

10 

10 

4 
10 
10 
10 

3 
10 

4 

5 
10 
10 
10 

6 
3 
5 
3 
5 
3 


Yt — (CmHniued) 


II 

4 422.60 

10 

10 

II 

4 398.03 

8 

10 

II 

74.95 

10 

10 

II 

68.72 

7 

10 


48.79 

9 

3 

II 

09.62 

10 

10 


02.30 

10 

3 


2 

6 

1 

10 

4 

4 

8 

8 

8 

3 
6 

4 
10 
10 
10 
10 
10 
10 
10 

8 

10 

10 

10 

4 

10 

10 

10 

10 

10 

10 

10 


II 3 203.32 

7 10 

U 00.26 

7 10 

n 3 195.61 

8 10 

73.05 

4 10 

29.93 

3 8 

n 3 095.88 

6 2 

2 946.0 

10 

2 817.0 

1 10 

2 422.20 

4 8 

14.7 

10 

2 367.2 

10 


Zn, (»», •O, •*, T4, 7$, Ti, I 
»t, to7, 111, las, is», a«s, 

204, 204, 207, 

281, 264, 273, 274, 

244, 28^) 


16 504.0 
I 603.9 
I 485.7 
I 16 679.7 
I 14 038.5 
I 13 786.1 
I 781.4 
I 197.5 

I 150.4 

I 053.2 
1 11 054.2 
I 10 979 
I 970 
I 7 799.1 


A 

4 

4 

4 

4 

10 

4 

2 

10 

10 

10 

10 

4 

4 

4 


II 


32.63 


10 

II 

7 

588.61 


15 

II 

7 

478 . 73 

4 

20 


7 338.9 
7,264.2 
7 026.1 
I 6,943.4 
I 38.5 

I 28 4 

II 6 482.98 
I 79.0 
I 6 362 345 
I 6 239.20 
I 37.9 

II 14.65 
II 6 111 66 
11 02.54 

II 602126 
II 5 894.39 
I 5777.1 
I 75.6 

I 72.2 

I 5 310 90 
I 10 18 

I 08 57 

I 6 181.948 
II 4 924.0 
II 11.6 

I 4 810.534 
I 4722.162 
I 4 680.138 


7 

10 

5 

6 


2 

1 

8 

5 

6 
8 

4 
6 
8 

5 
10 
10 

lOR 

lOR 

lOR 


12 

10 

20 

15 

20 


1 

30 

25 

10 

10 

10 
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(Cofitovad) 


(ConHnued) 


I 4 S29.810 
4 067.87 
n 8 840.84 
n 06.30 
1 8 346.0 
I 45.6 
I 46.0 
I 02.0 
I 02.6 
1 8 282.30 
I 3 076.88 
I 72.10 
I 86.80 
I 18.38 
I 2 802.0 
I 00.8 
I 000 
I 2 771.0 
I 70.0 
I 66.47 
I 12.60 
I 2 684.10 
I 70.67 
1 08.6 
I 2 682.6 
n 70.72 
1 60.02 
n 67.06 

n 02.0 

I 2 401.6 
2 303.80 
2 246.8 
I 2 138.6 

n 00.0 

n 2 061.0 

U 25.6 
1 864 

30.3 
34 
11 

1 767.8 
60 
46 
43 
07 

1 673.2 
61.0 

46.0 
80.6 

20.4 

22.0 
20.0 

1 01.2 
I 1 680 
I 1 467 
677.0 


k 

8 

6 


8 

8R 

lOR 

8R 

8R 

8R 

8R 

lOR 

lOR 

6 

3R 

7R 

8R 

6R 

8R 

6R 

6 

6 

4 

8R 

8R 

6R 

8 

3 
6 

4 
4 

3R 


1 

16 

10 

2 

10 

10 

10 

10 

10 

6 

10 

6 

3 

10 


8 

6 

3 

3 

1 

3 
2 

2R 

1 

10 

10 

1 

1 

2R 

6 

4R 

2R 

6 

6 

7 

4 

7 

7 

7 

8 
10 

7 

7 

7 

8 
0 
0 

7 
6 
6 

10 

8 
6 


Zr (*, 61 , TT, TS, 90, * 1 , liT, 

*7*) 

X AS 

7 818.2 8 

7 280.3 4 

I 7 160.1 6 


I 7 007.7 
6 000.82 
63.83 
6 846.06 
6 760 . 12 
6 480.64 
70.21 
6 313.01 
6 200.63 
I 6 143.10 
I 27.44 
6 870.77 

I 6 680.88 

20.13 
6 628.30 

02.13 
6 386.12 

11.30 
6 101.68 
65.44 
6 064.00 

46.58 
4 050.41 

00.57 
I 4 815.63 
I 4 772.32 

I 39.48 
I JO. 07 

4 688.45 

I 87.80 
33.98 

4 676.61 
I 36.76 
4 442.00 
4 379.77 

47.89 
I 4 282 20 
I 27.76 

4 161 21 
56.23 
49.20 
I 4 081.21 
48.67 

II 3 098.97 

91.13 
II 68.22 

16.93 

I 3 800 32 

II 36.76 
I 36.07 

3 706.40 

61.59 
09.27 

3 608.16 
n 74.71 

II 14.77 

11.89 

II 3 676.86 
II 72.47 
II 66.60 

42.62 
I 19.60 

n 06.66 

05.48 


A 

4 

6 

6 

4 

6 

6 

6 

7 

7 

7 

7 

8 
6 
6 
6 
6 

7 

6 

4 
-4 
6 

5 

6 
6 
6 

8 

9 

10 

7 

10 

7 

7 

8 
6 
8 

7 
6 

8 

7 

8 

IQ 

0 

7 
9 
9 

8 
6 
7 
6 
7 

3 
6 
6 
6 
6 
6 

4 

7 
10 

9 

6 

8 
6 
4 


3 

4 
6 
6 

4 

5 
2 
3 
3 
9 

10 

3 

6 

4 
8 
9 

10 

5 
9 

10 

10 

10 

10 

4 

10 

2 

8 

10 

10 

10 

10 

10 

8 

10 

10 

10 

10 

3 

8 

8 


Zt.‘^{ConHnu«i) 

X AS 

3 106.67 6 4 

3 029.52 6 1 

11.74 6 1 

2 086.30 4 1 

68.96 6 3 

2 875 . 98 4 

44.58 4 4 

2 752.21 4 3 

34.84 5 6 

2 678.64 5 5 

2671.41 6 8 

68.87 6 6 

2 449.84 4 3 
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PERSISTENT LINES AND RATES ULTIMES OF THE CHEMICAL ELEMENTS 


W. F. Meggers 


The spectrochemical detection of the chemical elements is based 
on the identification of certain spectral lines which are character- 
istic of the atoms, and the most sensitive lines depend, in general, 
on the type of excitation. Sources in which the excitation is 
moderate (flames, ordinary arcs, uncondensed discharges in 
Geisslcr tubes) leave most of the atoms in a neutral condition, 
and the class / spectra predominate. More vigorous excitations 
(high potential condensed sparks, discharges in gas or vapor at low 
pressure, etp.) which ionize most of the atoms develop the class II 
spectra, while still more violent discharges bring out the III and 
higher classes of spectra corresponding to successive stages of 
ionization. Successive ionizations are increasingly difficult to 
produce, the spectra shift into the far \iltraviolet and are for the 
most pert still unknown; practical spectrochemical identifications 
are therefore limited almost entirely to arc and first spark spectra. 
The following lines have been established empirically or from the 
rules of spectral structure to be persistent in these spectra; the 
most sensitive line or rate uUime is printed in bold face. In 
many cases, e.g., the halogens, the true rates nUimet lie in the 
Schumann region (vacuum spectroscopy), and the persistent lines 


in the region readily observed by ordinary spectrographic methods 
(2000 to 9000 A) are far less sensitive. 

The true rates lUtimes are the strongest lines in the spectra; they 
arise from the most probable electron transitions in the atom. In 
general, the excitation of these lines involves a transition of a 
single electron in such a way that the atomic energy is changed 
from the normal state to one in which the quantum numbers / and 
j are each increased by one unit. The combinations of spectral 
terms (energy states) giving rise to these lines appear in the last 
column; they show which spectra have been analyzed as to 
spectral structure and describe the normal states of the atoms 
(/ “ 0, 1, 2, 3, etc., for 5, P, /), F, etc., terms; j, the inner quantum 
number, appears as a subscript to the term symbol; v. p« 392). 

Persistent Lines and Raies Ultiicxs 

Arranged by Elements 

The wave-lengths (X) tabulated below refer to air at 16*C and 1 
atm., except those shorter than 1800 A, which are vacuum values- 

Unit of X » 1 A 10~* cm. 

a ^ 
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A/ 


X 

1048.26 
1066.70 
6065.430 
7067.217 
7503.868 
8115.308 

Ag/ 


Terms 


p — «4 

-Pt 

-Pa 

-Pi 

-pa 


5 

6 


8880. 67 

3382.89 


»5i- 


Ag// 


2246.43 
2437 . 77 


*I>; 

*D 


Al/ 


3082 . 162 
3092.718 
3092.85 
3944.025 

8961. 687 


*Pi 

»P. 

*Pi 

*P* 


Al II 


1671.0 

1856.00 
1858.13 
1862.48 


*Pi 

•Pi 


Mill 


1854.67 

1862.90 

1889.0 
1936.9 

1972.0 
2288.14 
2349.84 
2780.23 
2860.46 


As I 
*St 
•St 

•/)l 
>Pa' 

*p; 

Au / 


8487.96 

2675 . 95 


^Sr 

»S. 


B / 


2496.778 

8497. 788 


•Pi 

»P. 


•Pi 

»Pi 

•P 4 

•Pi 

»/>i 

•I). 

•/>! 

•5l 

•-Si 

^Pi 

•-Si 

•-Si 

•-Si 

»P, 

•Pi 

•P* 

•Pi 

•Pi 

•Pi 

•Pi 

•Pi 

•Pi 

•Pi 

•Pi 

•-Si 

•-Si 


B// 


1362.46 
3452 . 33 


•5a— ‘Pi 


Ba/ 


5424.63 
6519. IX 
6686. 68 
5777 . 7 

Ba II 


»Pi— •/>, 
■Pi— »I>, 

•Pq— »/)l 


4664. 087 

4934.09 


•5i 

•5i 


^Pt 

•Pi 


Be I 


8848. 63 

3321 01 
3321.09 
3321.35 


•Plr-»5, 

•Pi— 'S. 
•P»— •^i 


Be II 


8180.48 

3131.06 

2061.71 
2276.57 
2780 52 


•5i 

•5i 


Bi/ 


*Sj 

•Dl 


»P» 

^Pi 

•P. 

•Pi 


(Continued) 
Terms 
•/>t— •P i 
•/>r 

*Z), 

•/)i 

•5,- 


Bi /.— 

X 

2809.63 
2897 . 98 
2938 . 31 
2989 . 04 

8067. 73 

Br/ 

1540.8 

1633.8 

Br 11(7) 
4704.83 
4785.48 
4816.72 

C I 

2478. 6 I 

C II 


1334. 

1335. 
4267*. 
4267. 

4226. 

4464. 

4456. 

4456. 

3033. 

3968. 

4058. 

4079. 

4100 

4123 

4137. 

4 

8004. 

3130. 

3163. 

3194. 

3226. 

8888. 

3403. 

3466. 

3610. 

8144. 

2266. 

4012. 

4040. 

4165. 

4186. 

1379. 

1396. 

4794. 

4810. 

4819. 

8468. 

3465. 

3529. 


54 

72 

02 

27 


»Pi 

•Pr 

•/>T 

•£»r 

Ca I 


728 

780 

880 

62 


i5o- 

•Per 

•Pr 

•Pi 


Ca II 


670 

475 


•-S, 

•-Sr 


Cb / 


97 

73 

97 

85 

13 


•Dr 

‘Dt 

•Di 


Cb II 


19 

78 

37 

95 

47 


•Pr 

•Pr 

•Pr 

•Pr 

•Pr 


Cd I 


03 

663 

201 

610 


i5o- 

•Po 

•Pr 

»Pr 


Cd II 


89 

03 


•-Sr 

»5i 


Ce II 
40 
76 
61 
60 


Cl/ 


6 

5 

5 

0 

4 


614 

794 

814 


Co I 


•P. 

*P. 


•Pi 


•Pi 


■*Pi 

■*D 

-^P, 

•P 4 

'^P. 

•Di 

»Da 

•Pi 

•Pi 

‘Pe 

‘Ps 

•P 4 

•P» 

•Pi 

•Ce 

'“0r4 

k;, 

•Pi 

•Di 

»Di 

•Pi 

•Pi 


•(?. 

•G'e 

•<?* 


X 

2286. 16 

2307 . 84 
2378 . 62 
2388.90 


Co II 

Terms 
•P.—^Oa 
•P 4 — •Gs 
•Pi— 

«P^ 


Ge / 


Cr I 


4264. 342 

4274 . 802 
4289 . 725 
5204.54 
5206 . 039 
5208 . 429 


•5. 

•52- 


Cr // 


2836. 64 
2843 25 
2849 . 83 
2856.66 
2860 . 94 

8621. 16 

8943 . 6 
4555 3 
4593.2 


•Dr 
•Dr 
•Di- 
es I 
•5i- 

•5i- 

•5r 
•5i- 


Cu / 


3247. 648 

3273 . 964 


*5i 

•5i 


Cu II 

2136. 98 =>Dr 

2192.27 ^Dr 
2247.80 ^D,- 

Py / 
4000.50 

4046 . 00 

4077 . 98 

4167.99 
4211.74 

Er I 

3499 12 
3092 . 65 
3906.34 

Eu / 

4129.72 
4205 - 03 

F / 

6866.01 I *P 
6902.46 I 

Fe / 


8719. 938 

3737.135 
3746.564 
3748.264 
3745 . 902 


■^Pi 

-’Pi 

■’Pi 

•Pi 

-•Pi 

-•Pi 

■•Po 

-«P5 

•P 4 

■•Pa 

-op, 

-•Pi 

■•Pi 

•Pi 

•Pi 

•Pi 

•Pi 

»P4 

•Pi 

•Pi 


•D 4 - 
•Dr 
‘Dr 
*Di- 

•d<A»p, 


•D 4 

*D, 

oPa 

0P4 

oPi 

»P, 


Fe ir 


2382.04 

2395 . 63 
2404.886 
2410.53 
2413!312 


•Dr 

•Dr 

•Dr 

•Dr 

•Dr 


Ga I 


4033.01 

4172. 06 


•Pi 


•Pi 

•Pi 

•P* 

•P, 

•Pi 

''5i 

•5i 


Gd I 


3646.19 
3768 . 40 


X 

2651.15 

2651 .60 
3039 . 08 
3269 . 49 

4226.61 


Terms 


^p; 

•p; 

^Dr 

‘Dr 

‘5o 


•Pi 

•Pi 

‘Pi 

•Pi 

‘Pi 


G!; V. Be 
H I 


1215.7 


6562.79 


4861.33 




He / 


584.4 
3888.64 
5875 . 63 


‘5c- 

•5i- 


‘Pi 

•Pi 

•Da 


303.8 


1640.5 


4685.81 


He II 

Hf / 


2898.25 

2904.42 
2916.48 
2940 . 76 
3072 88 
4093 . 1 7 

Hf II 

2513.02 
2516.88 

2641.42 
2773 . 36 
2820.23 
3134.72 

Hg/ 


1849. 6 

2536 52 
3650.15 
3654 . 83 
3662 . 88 


‘5o- 

‘5o- 

•Pr 

•Pr 

•Po 


Hg II 


•5i 

•5i 


1649.8 
1942.3 

Ho / 
3748.19 
3891.02 

Ho II 

2936 . 8 


1782.9 

2062.1 

5161.2 

5464.6 

4101.76 

4611.81 


•‘P. 

•P. 

•Da 

•Da 

•D, 

•Pi 

•Pi 


I / 


In I 

•Pr— *5, 


lx I 


2849 . 74 
2924.81 
3220. 79 . 
3437 . 06 
. 3513.67 


KI 


X 

4044.16 
4047 . 22 *5i 

7664. 94 ^Si 
7699.01 »5r 

Kr I 

6570.291 
5870.917 

La / 


Terms 

• 5 ,-~*P, 


•P. 

•Pi 

•Pi 


6455.11 
6930. 69 
6249 . 92 


•D 

»D; 

•P, 


La II 


•D, 

•Di 

•Dr 


3949. 10 

4077 . 35 
4123.23 

Li I 

3232.67 I 25i 
6707. 86 I *5i 
Lu / 

4518.54 

Lu II 

2894 . 86 
2911.40 
3397 . 02 
3472 . 49 
3554.43 

Mg/ 
2862. 130 

3829 . 36 
3832.31 
3838 . 29 


-*d; 

-»P4 

-•Ga 

-•Pi 

-•p, 

->Pa 

•P.,1 

•Pi,i 


»5o— ‘Pi 

•Po— ‘Di 

•Pi— ‘Da 


•Pi— *D, 


Mg II 


2796. 640 
2802.712 


»5i- 

*5r 


Mn I 


4030. 760 

4033 . 074 
4034 . 489 


•5, 

•5; 

•5. 


Mn II 


2676. 12 

2593 . 733 
2605 . 69 


’5: 

’5 

’5; 


Mo / 


3798. 26 

3864.12 
3902 . 96 


»5 

•5 

•5 


Mo II 


2816. 16 

2848.21 

2871.60 

2891.00 

2909.11 

1199.6 
1200 . 2 * 

1200.7 
4099.96 

4109.94 


5666.6 
6676.9 
6679 6 


•D* 

•Dr 
•Dr 
^Dr 
•Di- 
N / 
•5r 
*5r 
•5r 
•Pr 
^Pr 
N // 
•Pr 
•Po- 
•P*- 


-•Pi 

-•Pi 

-•Pi 

-•P, 

-•Pi 

-’Pi 

-’P. 

t’Pi 

-•P. 

-•Pi 

-•Pi 

-•P. 

-•Pi 

•Pi 

-ep, 

-•Pi 

-*P. 

-•P« 

-*P. 

■*D, 

»D, 

*D, 

•Di 

•D, 


X 

989.8 

991.6 

4097.3 

4103.4 


N III 

Terms 
*Pi— »D 
^Pt—^D 
•Pi— * 5 i 
*Pi— * 5 i 


Na I 


3302.34 
3302 . 94 

6889. 966 
5895 . 932 


*-Si 

»5r 

•s. 

•-Sr 


•Pi 

•Pi 

•Pi 

•Pi 


Nb; V. Cb 

Nd / 
3951.15 
4177.34 
4303.61 

Ne/ 


735 95 
743.73 
5400.56 
5832.488 
6402.246 


P — 84 
P 8t 

8i Pi 


3414. 771 

3492.965 
3515.057 
3524 . 543 


Sr 

Si- 

I 

*Dr 

•Dr 

■Dr 

•Di- 


Ni II 


2253 . 9 
2264 . 45 
2270.24 

2287.1 

1302.27 
1304.96 
1306.12 
7771 97 

7774.01 
7775 . 68 


•Pi 

•Pr 

•Pr 

•Pr 


0 / 


•Pr 

•Pr 

•Po- 

•-Sr 

•-Sr- 

‘-Si- 


-Pa 

-•Pi 

-•Pi 

-•P, 

-•Pi 

-•G, 

-•Gi 

•Ga 

•Gi 

-**S, 

-•-Si 

■’S, 

•Pa 

‘Pi 

‘Pi 


Os / 


3262 . 30 
3267 . 94 
3301 . 56 
3752.54 
3782 . 20 

1774.8 

1782.7 
1787.6 

2136.8 

2149.8 
2536 . 38 
2554 . 02 


P / 

•-S, 
•-S, 
•iS, 

•Da 

•D, 

*p; 

*p: 


Pb/ 


2170. 0 

2833.07 
3639.584 
3683 . 472 
4067.830 


•Po 

•p;- 

•Pi 

•Pi- 

»Pr 


Pb II 

1682.4 1 aPr 

2203. 67 I *P 


-•Pi 

-•Pi 

-*Pi 

-•Pi 

-•Pi 

•Pi 

-•Pi 

-*D, 

•p; 

*p: 

-’P'o 

■•N, 

*.S 
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Pd 1 


w 


X 

3404. 59 

3421.23 

3516.95 
3609 . 56 
3634 . 68 

Pd II 
2488 . 92 

2498 . 79 
2505 . 72 
2658 . 74 
2854.60 

Pr 7 

4062.83 

4179.43 
4189.52 
4225 . 34 

Pt / 

2659 . 44 
2830 . 29 

2929 . 79 

2997 . 96 

3064. 71 

Ra I 

4826.94 I >i8o 
Ra II 


Terms 


*7), 


3814. 44 
4682 . 20 


’5, 

*5, 


Rb I 


4201 81 
4215.58 
7800. 30 
7947 . 63 


*5, 


Rh / 


3323.10 
3396.82 
3434. 90 
3657 . 99 
3692 . 35 


*Fs 

*F, 

*Ft 


Ru 7 

3436.74 ^Ff 
3498. 96 ‘Fs 
3596.17 

Ru 77 
2678.73 
2692 10 
2712.40 
2946 67 
2965.55 
2976 . 58 

S 7 

1807.4 

1820.5 

1826.4 

4694.2 

4695 . 5 

4696.3 
9212.8 
9228 . 2 
9237 . 7 


•Pr 

•P. 

•Po- 

^Sr 
^Sr 
^Sr 

Sa 7 


4390.87 
4424 35 
44:i4 34 


•d; 

’Pi 

’Pa 


7i 

t 

-3, 

~3, 

“It* 

*P. 

^Pi 

^Pi 

*Pa 

*Pi 

•Pi 

•P. 

*f: 

HI, 

HI, 


•5, 

•5i 

^Pa 

^Pt 

“^Pi 

‘Pa 

‘Pa 

‘P. 


Sb 7 


X 

2068.38 
2175.88 
2311 60 
2528 53 
2598 . 08 
3232 . 52 
3267 . 48 


Terms 

"*Sr-‘Pi 


*S 

*s 

•7) 

W 


*P. 

*Pi 

*Pa 

•P. 


•P;— »Pi 

*P:— ’Pi 


Sc 7 


3907 . 49 

3911.81 


»P, 


Sc 77 


3613. 83 

3630 . 75 
3642.81 


•7>t 

•o, 

Se 7 


•Pa 

•F, 

•Pi 


1960. 

2039. 

2062. 

4730. 

4739. 

4742. 

2506. 

2516. 

2528. 

2881. 

3906. 

1526. 

1633. 

2839 

2863 

3009 

3034 

3176 

3262 

4524 

4607. 

4832 

4872 

4962 

4077. 

4215 

3311. 

3318 

3406 

3509 

3561 

3848 

3874 

2142 

2383 

2385 

2530 

2769 


2 

7 

6 

9 

1 

3 


•Pr-‘St 

•P.— ‘5, 


•Po— *5, 
‘5r-‘Pi 
'*Sr-‘Pi 
‘^r-^P, 

Si 7 

904 ‘Pi— *7^, 
119 ‘Pa— ‘P; 
516 ‘Pr-’P! 
687 *7)2— »P, 
62 >50— *Pi 


Si 77 


83 

66 


»P,— >5, 

•Pr— »5i 


Sn 7 


987 

322 

136 

116 

047 

33 

74 


•Pa— ‘p; 

•Pa— ‘P; 
•Pi— ‘p; 
*Pi-*p; 
•Pr- 
^7)2- 

>5fl- 


‘p; 

*Pi 


Sr 7 


342 

07 

48 

25 


»5o- 

•Pr 

•P. 

•Po- 


■*P, 

•D, 

•Da 

•D, 


Sr 77 
714 
515 


•5i— »P, 

*Si — •Pi 


Ta 7 


14 

85 

65 


Tb 7 


18 

75 

76 
19 


Te 7 


75 

27 

78 

73 

65 


•P 

•P, 


»5i 

•5i 


•Pi— •S, 

•Pi— ‘ 5a 

>Dt— ‘5, 


Th7 


Yb 7 


X 

3538 . 75 
3601.05 
4019.14 

Th 77 

3290.59 

Ti 7 


Terms 


3635 . 467 

3642.680 

3663. 497 

4981.73 

4991.07 

4999.511 

6007.214 

6014.25 


•Pf 

•Pr 

•Pr 

^P6- 

‘Pr 

‘F, 

‘Pr 

‘Pr 


Ti 77 


I 3349. 039 
3361.215 
3372.80 
3383.765 


‘Pa 

‘Pr 

‘Pi- 

*Fr 


Tl 7 


3775 . 73 

6360. 47 


•P. 

•Pr 


-•77, 

-HI, 

-HI, 

-HI, 

-HI, 

-HI, 

■HI, 

■HI, 

HI, 

HI, 

HI, 

HI, 

•5, 

»5i 


Tu 7 


3462.21 

3761.34 

3761.91 

3562.20 
3672 . 69 
4241.68 


D 7 


V 7 


3183.416 
3183.96 
3184 00 

3186. 406 


‘P 

‘F. 

‘F: 

‘F, 


V 77 


3093. 13 

3102.30 
3110 71 
3118.38 
3125.29 


HI, 

HI, 

HI, 

HI, 

HI, 

HI, 


‘Fa- 

‘F^- 
‘Fa— K74 
^F^HI, 


BF, 
W 7 


HI, 


X 

3289 . 37 
3694.20 
3988.01 

2138.6 

3282 . 32 

3302.6 
3344.5 


Terms 


Zn 7 


*5o 

•Po 

•Pr 

•Pr 


*Pi 

•Di 

•Da 

•7)i 


X 

2026.6 

2061.9 


Zn 77 

Terms 
»5i— »P, 
•5.— 

Zt I 


3619. 606 

3547.691 

3601.19 

4687.803 

4710.076 


Zr 7. — (ConTintiad) 

Terms 

•Pi-V, 

‘Pi 


X 

4739 . 477 
4772.313 
4816.62 


•P, 

•P, 

•Pi 


•(7i 


Zr77 


^r-HI, 

‘P4 ‘O* 


3301. 973 

3438.23 
3496.208 
3672 . 472 


‘Pi-^Gf, 

‘Pr— <0, 

‘Pi— •O i 


Persistent Lines and Raies Ultoces 

Arranged by wave-lengths 
Unit of X = 1 A » 10“* cm. 


303.8 

He 

77 

2061.9 

Zn 

77 

1 2628.616 Si 

7 

584.4 

He 

7 

62.1 

I 

7 

28.63 

Sb 

7 

736 . 95 

Ne 

7 

62.6 

Se 

T 

30 73 

Te 

/ 

743 . 73 

Ne 

7 

68.38 

Sb 

I 

36.38 

-P 

7 

989.8 

N 

777 

2136. 98 

Cu 

II 

36.62 

Hg 

7 

^91.6 

N 

777 

36.8 

P 

I 

64.02 

P 

7 

1048.26 

A 

7 

38.6 

Zn 

I 

76.12 

Mn 

77 

1066.70 

A 

7 

42.75 

Te 

I 

89.2 

W 

77 

1199.5 

N 

7 

44. 39 

Cd 

II 

93 . 733 Mn 

77 

1200.2 

N 

7 

49.8 

P 

I 

98.08 

Sb 

7 

00.7 

N 

7 

70.0 

Pb 

I 

2606.69 

Mn 

77 

16.7 

H 

7 

76.88 

Sb 

I 

41.42 

Hf 

77 

96.8 

Xe 

7 

92 27 

Cu 

II 

61.16 

Ge 

7 

1302.37 

0 

7 

2203 . 67 

Pb 

II 

51.60 

Ge 

7 

04.96 

O 

7 

4Q.43 

Ag 

II 

68.74 

Pd 

77 

06.12 

O 

7 

47.80 

Cu 

77 

69.44 

Pt 

7 

34.54 

C 

77 

63.9 

Ni 

77 

76.95 

Au 

7 

36.72 

C 

77 

64.46 

Ni 

77 

78.73 

Ru 

II 


62 46 B 77 
79.6 Cl 7 

96.5 Cl 7 
1469.9 Xe 7 
1526.83 Si 77 

33.66 Si 77 

40.8 Br 7 

1633.8 Br 7 

40.6 He 77 

49.8 Hg 77 
71.0 A1 77 
82.4 Pb 77 

1774.8 P 7 


Cd 

Ni 

Bi 

Co 

Ni 


Co 

Sb 

Be 


4008. 76 

’5r- 

-’Pi 

82.7 

P 

7 

4294.62 


~x. 

82.0 

I 

7 

4302.12 

’5r- 

-‘P. 

87.6 

P 

7 

W 77 


1807.4 

S 

7 

2397.11 



20.5 

s 

7 

2689.2 



26.4 

s 

7 

3613.79 



49.6 

A 

Hg 

7 


Xe 7 

1295.8 p — 8a 

1469.9 
4500.978 
4624.275 
4671.225 

Yt 7 


1 4643.69 

46^4.84 


•Dx 

•D, 


Yt 77 


3710. 30 

3774 - 33 
3788.69 


•Dr 

•Dx 

»Di 


•Pa 

•F. 

•F. 

•F, 

•F, 


54.67 A1 777 

56.00 A1 77 

58 13 A1 77 

62.48 A1 77 

62 90 A1 III 
89.9 As 7 

1936.9 As 7 

42 3 Hg 77 

60 2 Se 7 

72.0 As 7 

2026. 6 Zn 77 

39.7 «e 7 

61.71 Bi 7 


65.03 
70.24 
76.67 

86. 16 
87.1 

88.0S*Cd 
88.14 As 
2307.84 
11.50 
48. 62 
49.84 

78.62 

82.04 
83.27 

86.78 
88.90 

95.63 
97.11 

2404.886 Fe 

10.63 
13 31 
27. 06 
37.77 
78. 6 
88.92 
96.778 B 
97. 733 B 

98 . 79 Pd 
2605.72 Pd 

06.904 Si 
13.02 Hf 
16.119 Si 
16.^8 Hf 


77 

77 

7 

77 

77 

7 

7 

77 

7 

7 


92.10 Ru II 
2712.40 Ru 77 
69 . 66 Te I 
73.36 Hf // 
80.23 As / 
80.52 Bi 7 
06. 540 Mg 77 
2802.712 Mg II 
09.63 Bi 7 
16. 16 Mo 77 


As 

7 

20.23 

Hf 

77 

Co 

77 

30.29 

Pt 

7 

Fe 

77 

33.07 

Pb 

7 

Te 

7 

86.64 

Cr 

77 

Te 

7 

39.987 8n 

7 

Co 

77 

43.25 

Cr 

77 

Fe 

77 

48.21 

Mo 

77 

W 

77 

49.74 

Ir 

77 

Fe 

77 

49.83 

Cr 

77 

Fe 

77 

62. ISO Mg 

7 

Fe 

77 

64 60 

Pd 

77 

Au 

7 

66. Q6 

Cr 

77 

Ag 

77 

60.46 

As 

7 

C 

7 

60.94 

Cr 

77 

Pd 

77 

63.322 Sn 

7 


7 

7 


71.60 Mo 

81. 687 Si 


77 

91.00 

Mo 

77 

94.86 

Lu 

/ 

97.98 

Bi 

77 

98:26 

Hf 

7 

2004.42 

Hf 

77 

09.11 

Mo 


II 

I 

II 
II 
I 
I 

I 

II 
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2911.40 

Lu 

77 

16.48 

Hf 

7 

24.81 

It 

7 

29.79 

Pt 

7 

36.8 

Ho 

II 

38.31 

Bi 

I 

40.76 

Hf 

I 

46.67 

Ru 

II 

66.56 

Ru 

II 

76.68 

Ru 

II 

89.04 

Bi 

I 

97.96 

Pt 

I 

3009.136 Sn 

I 

34.116 Sn 

I 

39.08 

Ge 

I 

64.71 

Pt 

I 

67. 78 

Bi 

I 

. 72.88 

Hf 

I 

82.162 A1 

I 

92.718 

A1 

I 

92.86 

A1 

I 

98. 13 

V 

II 

94.19 

Cb 

II 

3102.30 

V 

II 

10.71 

V 

II 

18.38 

V 

II 

25.29 

V 

II 

30.42 

Be 

II 

30.78 

Cb 

II 

31.06 

Be 

II 

34.72 

Hf 

II 

63.37 

Cb 

II 

76.047 Sn 

I 

83.416 V 

I 

83.96 

V 

I 

84.00 

V 

I 

86.406 V 

I 

94.95 

Cb 

II 

3220. 79 

Ir 

I 

26.47 

Cb 

II 

32.52 

Sb 

I 

32.67 

Li 

I 

47. 648 Cu 

I 

62.30 

Ob 

I 

62.33^ 

Sn 

I 

67.48" 

Sb 

I 

67.94 

Ob 

7 

69.49 

Ge 

7- 

73.964 

Cu 

I 

80.87 

Ag 

I 

82.32 

Zn 

I 

89.37 

Yb 

I 


3290.69 Th 
3301.66 Os 
02.34 Na 

02.6 Zn 
02.94 Na 
11.14 Ta 
18.86 Ta 

21.01 Be 

21.09 Be 
21.36 Be 

23.10 Rh 

44.6 Zn 
49. 039 Ti 
61.216 Ti 
72 . 80 Ti 

82 . 89 Ag 
83.766 Ti 
91. 976 Zr 
96.82 Rh 

97.02 Lu 
3403.663 Cd 

04. 69 Pd 

06.66 Ta 
14.771 Ni 

21.23 Pd 

34.90 Rh 
36.74 Ru 

37 . 06 Ir 

38.23 Zr 
62.33 B 
63. 614 Co 
62.21 Tu 
66.794 Co 
66.201 Cd 
72 . 49 Lu 
92.966 Ni 
96.208 Zr 

98.96 Ru 
99.12 Er 

3569.18 Tb 

13.67 Ir 

15.067 Ni 

16 . 96 Pd 
19.606 Zr 
24.643 Ni 
29.814 Co 

38.76 Th 
47.691 Zr 
62.20 U 
64,43 Lu 

61.76 Tb 
72.472 Zr 


II 3596.17 Ru I 

I 3601.06 Th I 

I 01.19 Zr I 

I 09 . 55 Pd I 

I 10.610 Cd / 

I 13.79 W II 

I 13.83 Sc II 

I 30.76 Sc II 

I 34.68 Pd I 

I 36.467 Ti / 

I 39.684 Pb / 

I 42.680 Ti 7 

II 42.81 Sc II 

II 46.19 Gd I 

II 60.15 Hg / 

/ 63.497 Ti 7 

77 64.83 Hg 7 

II 67.99 Rh 7 

7 62 . 88 Hg 7 

77 72.69 U 7 

7 83.472 Pb 7 

I 92.36 Rh 7 

7 92.66 Er 7 

7 94 . 20 Yb 7 

7 3710.30 Yt 77 

7 19.938 Fe 7 

I 37.135 Fe 7 

I 46 664 Fe 7 

77 46.902 Fe 7 

II 48.19 Ho 7 

7 48.264 Fe 7 

7 62.54 Ob 7 

I 61.34 Tu 7 

7 61.91 Tu 7 

77 68 . 40 Gd 7 

7 74 . 33 Yt 77 

77 76.73 TI 7 

7 82 . 20 Os 7 

7 88.69 Yt 77 

7 98.26 Mo 7 

7 3814.44 Ra 77 

/ 29.36 Mg 7 

7 32.31 Mg 7 

I 38.29 Mg 7 

I 48.76 Tb 7 

7 64.12 Mo 7 

I 74.19 Tb 7 

7 88.64 He 7 

7 91.02 Ho 7 

77 3902.96 Mo 7 

7 05.52 Si 7 

77 I 06.34 Er 7 


3907 . 49 Sc 7 
11.81 Sc 7 
83.670 Ca 77 
44.026 A1 7 
49.10 La 77 

61.15 Nd 7 
61.537 A1 7 
68.476 Ca 77 

88.01 Yb 7 

4000.60 Dy 7 

08.76 W 7 
12.40 Ce 77 
19.14 Th 7 
80.760 Mn 7 

33.01 Ga 7 
33.074 Mn 7 
34.489 Mn 7 

40.76 Ce If 

44.16 K 7 
46.00 Dy 7 

47 . 22 K 7 
67 . 830 Pb 7 

58.97 Cb 7 
62.83 Pr 7 
77.36 La 77 
77.714 Sr 77 

77 .98 Dy 7 
79 . 73 Cb 7 

93.17 Hf 7 

97.3 N 777 
99.96 N 7 

4100.97 Cb 7 

01.76 In 7 

03.4 N 777 
09.94 N 7 

23.23 La 77 
23.86 Cb 7 
29.72 Eu 77 
37.13 Cb 7 

66.61 Ce 77 

67.99 Dy 7 

72.05 Ga 7 

77.34 Nd 7 
79 . 43 Pr 7 

86.60 Ce 77 

89 . 62 Pr 7 
4201.81 Rb 7 

06.03 Eu 7 
11.74 Dy 7 
16.616 Sr 77 
16.68 Rb 7 

26.34 Pr 7 


4226.61 Ge 7 
26 . 728 Ca 7 
41.68 U 7 
64.342 Cr 7 
67.02 C II 
67.27 C 77 
74.802 Cr 7 
89.725 Cr 7 

94.62 W 7 
4302.12 W 7 

03.61 Nd 7 
90.87 Sa 7 

4424.36 Sa 7 
34 . 34 Sa 7 
64 . 780 Ca 7 
65.880 Ca 7 

66 . 62 Ca 7 
4500.978 Xe 7 

11.31 In 7 
18.54 Lu 7 
24.74 Sn 7 
54.037 Ba 77 
65.3 Gs 7 

93.2 Cs 7 
4607.342 Sr 7 

24 . 276 Xe 7 
43.69 Yt 7 
71.225 Xe 7 
74.84 Yt 7 
82.20 Ra 77 
86.81 He 77 
87 . 803 Zr 7 

94.2 S 7 

96.6 S 7 

96.3 S 7 
4704.83 Br 77 

10.076 Zr 7 
80,9 Se 7 
39.1 Se 7 
39 . 477 Zr 7 

42.3 Se 7 
72.313 Zr 7 

86.48 Br 77 

94.6 Cl 7 
4810.0 Cl 7 

16 . 62 Zr 7 
16 . 72 Br 77 

19.4 Cl 7 
25.94 Ra 7 

32.07 Sr 7 
61.33 H 7 

72 . 48 Sr 7 


4934 . 09 

Ba 

7 

62.25 

Sr 

7 

81.73 

Ti 

7 

91.07 

Ti 

7 

99.511 

Ti 

7 

6007.214 

. Ti* 

7 

14.26 

Ti 

/ 

6161.2 

I 

7 

6204.54 

Cr 

7 

06 . 039 

Cr 

7 

08.429 

Cr 

7 

5350.47 

TI 

7 

6400 . 56 

Ne 

7 

24.63 

Ba 

7 

55.11 

La 

7 

64.6 

I 

7 

6519.11 

Ba 

7 

36.63 

Ba 

7 

70.291 

Kr 

7 

6666.6 

N 

77 

75.9 

N 

77 

79.5 

N 

77 

5777.7 

Ba 

7 


6832.488 Ne 
70.917 Kr 
75 . 63 He 
89.966 Na 
95.932 Na 
6930.59 La 
6249.92 La 
6402.246 Ne 
6662 . 79 H 
6707.86 Li 

866.01 F 
'902 . 46 F 

66.430 A 
7067.217 A 
7603.868 A 
7664.94 K 

99.01 K 
7771 . 97 O 

74.01 O 
76.68 O 

7800.30. Rb 
7947,63 Rb 
8115.308 A 
8621.15 Cs 
8943 . 6 


9212.8 
28.2 

37.7 


Cs 

S 

s 

s 


7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

/ 

7 

7 

7 
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BroUOGRAPHY OF ABSORPTION SPECTRA OF SOLUTIONS 

Emma P. Carr and 


Contents 

Abbreviations, signs, symbols 
and forms. 

Inorganic compounds in solu- 
tion, except the metallic 
salt-derivatives of organic 
compounds. 

Bibliography and index; 
Infra-red. 

Ultra-violet and visible. 

Numerical data for the ultra- 
violet and visible. 

Organic compounds and their 
metallic salt-derivatives. 

Bibliography and index. 
Infra-red. 

Ultra-violet and visible. 

Numerical data for ultra- 
violet and visible. 

♦ 

Abbreviations, Signs, Sym- 
bols AND Forms 

All literature referred to 
contains an absorption curve of 
the substance in question unless 
otherwise indicated. 

t The article contains some 
description of the absorption 
but no curve. 

X The article contains either 
numerical data or a curve 
based on quantitative 
measurement of the extinc- 
tion coefficients. 

EtOH, EtjO, alk., etc. Abbre- 
viations for solvents in which 
the determinations were 
made. 

EtOH H- HCI The solvent is 
a mixture of the two ingre- 
dients indicated. 

EtOH, (-fHCl), (-balk.), etc. 
The solvents are ethyl alco- 
hol, EtOH -b HCI, and 
EtOH -b alkalies (as NaOH, 
KOH, etc.). 

P The absorption measure- 
ments are made of the pure 
substance in the liquid state. 

V'ap. The absorption meas- 
urements are made in the 
vapor state. 


MATlijRES 

Abr^viations, signes, symboles 
ct formes. 

Composes inorganiques en solu- 
tion, I’exception des sels 
m^talliques ddriv6s des 
composes organiques. 

Bibliographic et index. 
Infra-rouge. 

Ultra-violet et visible. 

Donnies num<^*riques pour 
rultra-violet et le visible. 

Composes organiques et leurs 
seLs m^talliques ddriv^. 

Bibliographie et index. 
Infra-rouge. 

Ultra-violet et visible. 

Donn6cs num(5rique8 pour 
I’ultra-violet et le visible. 

Abr^viations, Signes, Stm- 
BOLEs ET Formes 

Toutes les sources biblio- 
graphiques mentionn^.s, con- 
tiennent une courbe d’ab^rp- 
tion de la substance en question, 
moins d’une autre indication, 
t L’article contient une de- 
scription de iabsorption mais 
aucune courbe. 

X L’article contient ou des 
donnas num^riques ou une 
courbe bas^e sur la mesure 
quantitative des coefficients 
d ’extinction. 

EtOH, EtjO, alk., etc. Abr^vi- 
ations pour les solvants dans 
lesquels les determinations 
ont ete faites. 

EtOH -b HCI Le solvant est 
un melange des deux sub- 
stances indiquees. 

EtOH, ( + HC1), (+alk.), etc. 
Les solvants sont I'alcool 
ethylique, EtOH -b HCI, et 
EtOH + alcalis (comme 
NaOH, KOH. etc.). 

P • Les mesures d’absorption 
ont ete faites pour la sub- 
stance pure k retat liquide. 

Vap. Les mesures d’absorp- 
tion ont ete faites pour la 
substance k retat de vapeur. 


Mary L. Sherrill 

Inhaltsverzeichnis 
Abkiirzungen, Zeichen, Sym- 
bole und Formen. 
Anorganische Verbindungen in 
Losungen, die Metallsalz- 
abkommlinge organischer 
Verbindungen ausgenom- 
men. 

Literatur und Index. 
Infrarotes Gebiet. 
Ultraviolettes und sicht- 
bares Gebiet. 

Numerische Daten fur das 
ultraviolette und sichtbare 
Gebiet. 

Organische Verbindungen und 
deren Metall.salzabkomm- 
lingp. 

Literatur und Index. 
Infrarotes Gebiet. 
Ultraviolettes und sicht- 
bares Gebiet. 

Numerische Daten fiir das 
ultraviolette und sichtbare 
Gebiet. 

AdrUrzungen, Zeichen, 
Stmbole und Formen 

Samtlich hier angegebene 
Literatur enthalt eine Absorp- 
tionskurve der in Frage ste- 
henden Substanz, ausser es ist 
etwas andcres angegeben. 
t Der Abschnitt enthalt einige 
Angaben Ober die Absorption 
aber keine Kurve. 

X Der Abschnitt enthftlt ent- 
weder numerische Daten oder 
eine Kurve, die sich auf 
Grund quantitativer Mes- 
sungen des Extinktionsko- 
effizienten ergeben. 

EtOH, EtjO, alk., etc. Abkiir- 
zungen fiir die Ldsungsmit- 
teln in welchen die Messun- 
gen ausgefiihrt worden sind. 
EtOH + HCI Da-s Losungs- 
mittel ist eine Miachung der 
zwei angegebenen Kompo- 
nenten. 

EtOH, (-fHCl), (-falk.), etc. 
Die Losungsmitteln sind 
Athylalkohol, EtOH -f- HCI 
und EtOH -f- Alkalien (wie 
NaOH, KOH, u. s. w.). 

P Die Absorptionsmessungen 
sind an reinen StofTen in 
flUssigem Zustande gemacht 
worden. 

Vap. Die Absorptionsmessun- 
gen sind an StofTen im gas- 
fdrmigen Zustande ausge- 
fOhrt worden. 


InDICB 

Abbreviazioni, segni, aim- 

boli e formule 326 

Composti inorganic! in 
soluzione, eccezione 
fatta dei sali metallici 
derivanti da composti 
organic! . 

Bibliografia e indice. 

Infrarosso 327 

Ultravioletto e visibile 327 

Valori numerici per 
Tultravioletto e il 

visibile 32( 

Composti organic! e loro 
derivati metallici di 
natura salina. 

Bibliografia e indice. 

Infrarosso 331 

Ultravioletto e visibile 334 

Valori numerici per 

I’ultravioletto e il 

visibile 369 

# 

Abbre:viazioni, Sbgki, 
SiMBOLi E Formule 

Tutte le pubblicazioni alle 
quali ci si riferisce contengono 
una curva di assorbimento della 
sostanza in questione a meno che 
non venga altrimenti indicate. 
t L'articolo contiene qualche 
indicazionc sopra Tassorbi- 
mento ma non contiene curve. 

I L'articolo contiene valori 
numerici oppure una curva 
basata su misure quantitative 
dei coefficienti di estinzione. 

EtOH, £tsO, alk., etc. Abbre- 
viazione per solvent! nei quali 
furono fatte le detennina- 
zioni. 

EfOH -H HCI II solvente k 
una miscela delle due eoe- 
tanze indicate. 

EtOH. (+HCI), (+alk.). etc. 

I solvent! sono alcool etilico, 
EtOH -I- HCI, e EtOH + 
alcali (come NaOH, KOH, 
etc.). 

P Le misure degli assorbi- 
menti si riferiscono alia sos- 
tanza pura alio stato liquido. 

Vap. Le misure dell'assorbi- 
mento si riferiscono alio stato 
di vapore. 
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ABSORPTION SPECTRA OF SOLUTIONS OF INORGANIC 
COMPOUNDS EXCEPT THE SALT-DERIVATIVES OF 

ORGANIC COMPOUNDS 

Scope . — Complete literature references are given for absorption 
measurements of solutions of inorganic substances in the infra-red 
region. For the visible and ultra-violet region an index is given 
below to the numerical data, and literature references for work 
published since 1910 except that of H. C. Jones and his collab- 
orators who have examined the absorption spectra of several 
hundred inorganic substances in solution. The results of their 
work have been collected elsewhere 343, 343 . 5 , 344 , 345) 

and are supplementary to this report.* 

Table — Standard Arrangement 

(v. Vol. Ill, p. viii) 

The solvent is water unless otherwise stated 

Formula | Solvents and literature 

Infra-red 


HCi 

I 

H,804 

NH, 

HNO, 

NH 4 NO 1 

NH4a 

NH4Br 

(NH4),804 

SiHa, 

ZnS04 

Zn(NO.), 

CuCl, 

CuBrj 

CUSO4 

CuS04.4NH,.H,0 

Uu(C»H|Oj)f 

AgNO, 

CoFt 

Coa* 

k 

CoBrt 

Col, 

C08O4 

Co(NO,), 

Co salts 
NiCl, 

NiBr, 

NiSO, 

Ni(NO,), 

NiCl,.6NH, 

Ni(C.H,0,), 

Ni salts 
CrCl, 

Cr,(804), 

Cr(NO,). 

ua4 

AlCl, 

A1,(S04), 

Al(NO,), 

Ali(S0,),.(NH4),804.24H,0 

Fea, 

FeCl, 

FeBr, 

FeSO, 

Fe,(804), 


CCI4 (>c9t); Eton, cs, (»») 

(I,! 103, 489) 

(l,t 169, f 200) 

(l.t 

(107, 207, 1 343, 1 489^ 

(207, f 343t) 

(344) 

(169t) 

(347J) 

(107, 344, S82) 

(107, 344, 682) 

(SO,! 107, 166, j 326|) 

(326t) 

(50,| 63, f 78, 1 166, f 462, ^ 489|)j cf. 

Fig. 6 

(60t) 

(60t) 

(107) 

(326;) 

( 106 , 326^); MeOH, Eton, PrOH 

(345;) 

(326;) 

(326;) 

(326,; 348,; 489;) 

(326,; 345,; 489;) 

U®t) 

(326;); MeOH, EtOH, PrOH (365;) 

(326t) 

(106, 348,; 489;) 

(SO,; 106, 348;) 

(348;) 

(106;) 

(^•t) 

(348;) 

(106, 348;) 

(348;) 

(80t) 

(107) 

(107, 169,; 207, 343) 

(107) 

(103, 169;) 

(») 

(8, 80,; 169,; 326) 

(8, 326) 

(8, 166;) 

(»i 689;) 



Formula 

1 Solvents and literature 

Fe(NO,), 

(5) 

Fe,(804),.(NH4),S04.24H,0 

(103, 345;) 

Fe(C,H,0,), 

(SOf) 

ScCl, 

With chlorides of Yb, Yt, La (*93) 

YCl, 

With chlorides of Sc, Yb, La (l®3) 

LaCI, 

With chlorides of Sc, Yb, Yt (183) 

La(NO,), 

(103) 

NdCl, 

(342, 843); Eton (344) 

NdBr, 

(342) 

Nd,(S04), 

(342) 

Nd(NO,), 

(103, 342, 343) 

Nd(C,H40,), 

(342) 

(Pr, Nd)(NO,)i 

(103) 

YbCl, 

With chlorides of Sc, Yt, La (193) 

MgCl, 

(107, 207, 343, 344, 582) 

MgBr, 

(344, 582) 

MgS04 

(344, 582) 

Mg(NO,), 

(107); EtOH, Me,CO (344) 

CaCl,.2H,0 

(207, 343, 344, 582) 

SrCl, 

(107) 

LiOH 

(107, 200) 

NaOH 

(107, 200) 

NaCl 

(107, 166,; 347;) 

Na,S,Oi 

(107) 

NaNO, 

(344) 

NajO.SiO, 

(103, 489) 

Na2B407 

(103) 

KOH 

(107, 200;) 

KCl 

(91, 207,; 343,; 344,; 882;) 

KNO, 

(343,; 489;) 

KMn04 

(103, 345;) 

K,Fe(CN). 

(SOf) 

K4Fe(CN)8 

(SOf) 

K,Ni(S04), 

(SOf) 

K,Cr04 

(80,; 53;) 

KjCrjO, 

(60,; 166;) 

Cr,(S04),.K,S04.24H,0 

(50,; 106;) 

KCr(C,04), 

(188;) 

A1,(S04),.K,S04.24H,0 

(103, 148,; 169;) 

CsOH 

(200) 


H,0, 

HCI 

HCIO 

HBrO 

HBrOi 

I 


HIOi 

S 

HsS 

HtSOi 

H,SO« 

HNOi 


Ultra-violet and Visible 

(552) 

(»ij);c/. Fig. 1 

(562, 668 ) 

(568) 

(568, 660) 

(176.2); CCI 4 (83.2, 94, 612); CS, 

Ac,0, PhMe, C 8 H 4 Me, (^ 8 *); 

CHCI, (96, 116, 387, 488, 612, 

666); MeOH, H,0 (612); EtOH 

(83.2, 94, 116, 386, 387, 488, 611, 

612); PrOH, wo-PrOH, scc.-BuOH, 
NaOH (923); AcEt ( 866 ); C 4 H 4 

(04, 488, 646); CaHu (H®. 387, 

666); H,0 -f KI (83.2); Et,0 (H*, 

367) 

(182, 868 , 660;) 

CCI 4 , CS,, C.H 4 (884) 

(689, 66 O;) 

(19,; 174,; 182,; 867, 660, 

®®*); cf. Fig. 7 

(471.8;); metallic salts: (*16;) 

(182,; 660) 
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Formula 


Solvents and literature 


Ultra-violet 


UNO, 


NHjOH 

NHjXO, 

NH^XO, 

XH^OH.HCl 

XH^Br 

NO^.SOjH 

HOXO.SOaH 

XHa.SOiH 

NH 4 .HSO, 

H,AsO, 

HjAsO^ 

AsCl, 

AsjSs 

SbCl, 

Sh (complex salts) 

Bid, 

BifClO,)! 

BiBr, 

BijfSO,), 

BifXOO, 

Bi fcomplex salts) 
SifCaij)* 

SiroiDjfCJIsCHj), 

[SiOHfC.H.sCH2)3hO 

iSiOrc.ILCH,),!.! 

Si3(OH),[fCr,H,CH,)2]302 

Ge 

Sn (complex salts) 
Ph(X 03 ), 

ThrXOs)* 

ThCL 

n,so4 

TlXO, 

ZnCU 

Zn (complex salts) 

CdCl, 

Cd (complex salts) 

Hr 

HrCI, 

Hr(CI 04 ), 

HRBr, 

HrI, 

HrNO, 

Hk(NO,), 

Hr(CH,), 

Hr(C,H05 

Hr(C.HO, 

Hk(C,H»CH,), 

HgCHiCl 

HRC,H,a 

HgCH.Br 

HgCH.I 

HgC,H,I 

HgN(CH,CO),OH 

Hr(C,H,ONH), 

Hg (compler salts) 

Cud, 

CutClOOi 

CuBr* 


and Visible. — ( C onlinxied) 

|(182J); p (564); H,0 (562.563. 
554); EtjO (562. 563, 564); EtOH 
(562, 563); Vap. (564) 

(25t) 

EtOH (25) 

(561) 

H3O (276^) 

(«*t) 

HnSO, (25) 

(2St) 

H 2 O (25) 

(174) 

(1 02, J 659, 660|) 

(I82J) 

(422t) 

(7»t) 

(422J) 

(407) 

(422 j); in various solvents (569) 
(566, 569) 

HA ( + HBr), EtjO (569) 

H 2 SO 4 (569) 

(566) 

(569) 

CHCI 3 (522) 

EtOH, (-l-alk.) (551) 

EtOH (551) 

CHCIa (551) 

EtOH (551) 

(405. 5f) 

(587. 588) 

(272, 561) 

(272, f 561, 566) 

(272t) 

(272t) 

(272, f 566) 

n 8 *t);c/. Fig. 3 

(587, 588) 

cf. Fig. 3 

(587, 588) 

(176. 2t) 

(113, 181, J 390); cf. Fig. 3 
(390) 

(1 1 3, 390) 

(1 13, 390) 

(1 1 3, 562, 566) 

(113) 

EtjO (>»3) 

EtOH (>13) 

EtOH (386); CHCl, (537) 

CHCl, (537) 

(390); EtOH (113) 

(390); EtOH (113) 

EtOH (113) 

EtOH (113) 

EtOH (113) 

(390) 

(390) 

(1 1 3, 341, 587) 

(87.1 no, 178, J 179, 181 J); EtOH, 

Me, CO (332); cf. Fig. 6 

( 221 ) 

(•7t); EtOH, Me, CO (332) 


Formula 


CuSOi 

Cu(NO,), 

Cu(NO,),.6NH, 

CuCU.6NH, 

Cu(HONO.SO,) 

Cu salts 

Cu (complex salts) 

Ag^SOi 

AgNO, 

Ag (complex salts) 
Au sols 

Ir (complex salts) 

H,PtClfl 

CuPtC1..18NH, 

Pt (complex salts) 
Rh (complex salts) 
MnCl, 

MnCl, 

MnCL 

MnS04 

Mn,(S04), 


Solvents and literature 


(87.t 221, 452|);(^. Fig. 6 
(163, 561, 566); EtOH, Me, CO 

(332);c/. Fig. 6 

(163) 

(488) 

H,S04 (25) 

H,0. EtOH, CHCl, (1««) 

(87, 1 587, 589, 590) 

(272t) 

(272.1 561, 562, 566, 667|) 

(587, 588) 

(49.5, 4834) 


(4, 408) 

HA Eton ( 221 , 230) 

(488) 

(408, 587, 888) 

(408) 

(340) 

(340) 

(340) 

(340) 

(340) 


Mn(N0,), 

(561) 

ZnfMnOi), 

(458, 803) 

Mn (complex salts) 


Fe (complex salts) 

(88. 407, 408) 

CoF, 

(320, 328, 330) 

CoCl, 

(330); Eton (110, 227, 332); 

Me, CO (332); H,0 (110); MeOH 

(408) 

CoBr, 

( 110 . 328, 330); EtOH. Me, CO 
(332) 

Col, 

(328, 330) 

C 0 SO 4 

(320, 328, 330) 

Co(NO,), 

(162, 320, 328, 330, 480, J 561); 

1 EtOH, Me, CO (332) 

Co (complex salts) 

(407, 408, 420, 444, 470, 492, 585, 
586, 591, 643); CHCl, (IZSf) 

NiCl, 

(327.J 328, t); Eton, Me, CO (332{) 

NiBr, 

(327, J 328, J 332J) 

Nila 

(327.t 328J) 

NiS04 

(327, t 328J) 

Ni(NO,)a 

(164, 327, J 328, J 332, J 561) 

Ni(CO)4 

(408) 

N^i (complex salts) 

(470, 589, 890) 

H,Cr04 

(221) 

Cr,(S04), 

(197) 

Cr (complex salts) 

(88, 167, 407, 889, 890) 

UCI, 

Various solvents (^59, | 461 1 ) 

USO 4 

Various org. solvents (^5*t) 

U (complex salts) 

(449, f 480.f 451) 

AlCl, 

(179J);c/. Fig. 3 

A1 (complex salts) 

(586) 

Ce(NO,), 

(566) 

Prd, 

(4. 15.f 4B.f 321. t 562) 

Pr,(S04), 

(»5t) 

Pr(NO,), 

(I5.t32lt) 

NdCl, 

(*,f >»,t 

596,1 662) 

Nd,(S 04 ), 

(15) 

Nd(NO,), 

(15, 47.t32lt) 

Di salts 

(4,t 829t) 

BaCI, 

(662) 

Sa(NO,), 

(499t) 


ABSORPTION SPECTRA— INORGANIC SOLUTIONS 


329 


-1.5 




. - 1.0 





7 ^ 






rte.t — - 

HydrocMon'c acid, 4 cm. ctU, 12 N. 
Rubk/ium chhridt, 4cm. ce//, 4 N. 
Liihium chloride, 4cm.cell, 4N. 
Sodium chloride, 4cm. cell 4N. 


J 



34000 

34000 

38000 

40000 

42000 

44000 

46000 


fOOO 

1140 

1200 

1260 

1320 

1360 

tS4i 

ZTTS 

2031 

2500 

Z38I 

2273 

2174 


-1.5 


- 1.0 


>2.5 


o* 

o 


■ 2.0 







c 

''V 

^ 

/ 


V 

X 




k/6. 2 

— — Cakium chhnde^ J.S/Jhf, tOcmfube 
~~-~'“SfToith'um(h/ondt,i.486M, 4cm.fube 
“ - Barium chloride, / 111 M, lOem hthe 

— - ■ - '^Moo/tti/um chloride ZJS5M, 4 cm. lube 

(,9i) 




Formula 


Solvents and literature 


Eu(NO,), 

DyCl, 

HoCl. 

Ho(NO.), 

ErCl, 

TmCl| 

Be(NO.), 

Mg 

Mgd, 

Mg(NO,), 

Ca 

CaCl, 

Ca(NO,), 

CaCMnOOt 

Ca,Fe(CN)« 

SrCl, 

BrO^O,), 

Baa, 

Ba(NO,), 

BaCMnO,), 

Li 

UCl 

UBr 

lil 


Ultra-violet and Visible. — {Continued) 

(498, 499) 

(062) 

(662) 

(322 t) 

(662) 

(662) 

( 866 ) 

MeNB, liq. NH, 

188|) 

(I8l,t 495j);^. Fig. 2 

Eton (»«3) 

MeNH/, Uq. NH, (18«J) 

(I81,| 495J);<^. Fig. 2 
(*«»); EtOH, H,0 (3^0) 

(3t); HA Me,CO, MeOH, C,H,N, 
MejCNOH, EtOH (88«t) 

(280) 

(181,t 496t)j^. Fig. 2 

(861) 

(1814 498|);<^. Fig. 2 
(1824 209, J 561); Fig. 6 

(803); HA various solvents (^®®) 
MeNH,. Uq. NH, 

(«4 Fig. 1 

(844) 

(•»t) 


Formula 


Solvents and Uterature 


LiNO, 

Na 

NaCl 

NaClO 

NaClO, 

NaBr 

NaBiO 

NaBrO, 

Nal 

NalO, 

Na,S 

Na,SO, 

NaHS 

NaHSO, 

NaNO, 

NaNO, 

(NaON),0 

Na,AsO, 

NaiAsOi 

NaHsAsO, 

Na,HAsO, 

NalPtCU 

Na4Fe(CN)e 


(561) 

MeNH, Uq. NH, 

I88t) 

(81,t 544);c/. Fig. 1 

(3804 562, 568) 

(568) 

(81, J 544) 

(568) 


( 


568 


660f) 


(81, J 544) 

(568, 660|) 

(659, 66ef) 

(19, J 182, 562, 660, 661); HA 

HiSO, («67); cf. Fig. 7 

(660t) 

(174, J 182, J 662, 567, 660); cf. Fig. 

7 

(113, 660) 

(113, 182, 1 209,^ 861, 662, 663); cf. 

Fig. 6 
H,0 (38) 

(659, 660|) 

(182t) 

(659,f 660<|>) 

(659, f 660|) 

(221, 230) 

(230) 
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no. 4 I I 

OOSN HOfi , C •00000^^3 ^ 

• (^)A i 


fjs 

— ts 


i 

20000 

22000 

24000 

26000 

2WO0 

V 

600 

UO 

720 

760 

840 

X 

4M7 

4648 

4160 

3846 

3671 


.Li;» 


31000 JWOO 

%0 ion 

31iS 294 


3W00 3M00 40000 COM 


tSOO Z38I 



FiG. 6 

Potassium nif rate in \S^ 
wafer^C^O.OiSHM; < \ 
sodium mira fe jusi fhe samo 

Barium ndraie; C~0.04B03A/. 
(209) 

Copper mirafe (f^d) 


X 3571 


OL_ 

32000 

960 

3r2S 


K 


3^ 

W20 

2941 


3W00 

toso 

2778 




\ 


' I / / 

7 ^ 

ne 7 

■ Sudor dioxide .005 M. 

- - - Pffhssiufn nehbuvffiie .02 M. 

— • ^ Sodiutn bnulfi ^ V 

“ * — Sodium sudi ft .05 M. 


JWOO 

f140 

2631 


1 

(tar S) 

1 

1 

40000 

42000 

44000 

46000 

1200 

1260 

1320 

1380 

2500 

2331 

2273 

Z\u 


K 

KOH 

KBr 

KI 

KIO, 

KtSO* 

K,S,0, 

K^,0. 

KHSO, 


Formula [ Solventa and literature 

Ultra-violet and Visible.^(Con^inued) 

MeNH,, liq. NH, 

(471. 5J) 

(StJ); H.O + Na^iO. (“•*) 

(81, j 544)j HjO + Na*SjOt (•*'*) 

(182J) 

(471.5J) 

(19, ♦ 567); ej. Fig. 7 

H,0, H,S04 

(19, J 174J) 
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(KSO,),NO 

(KSO,),NOH 

KtAsO. 

KtPtF. 

KtPiCU 

K,PtCU 

KsPtBr« 

K^PtU 

KM&O4 


K.Mn04 

KCo(NH,)t(NO,)4 

K»Co(CNS)4 

K,Co(CN). 

K,Cr04 

KiCrtOi 

K,Cr(CN), 

K,Fe(CN), 

K4Fe(CN)4 

Rba 

Rbl 

RbHSOi 

Cs 

Gsl 


Formula Bolyents and literature 


Ultra-Violet and VlaiUe. — (CoiKiaued) 

KNO, (iMt) 

KNOi 0^4 

Fig. 6 

(KSO.),NO H,0 (*«) 

(KSO»)sNOH H,0 (*•) 

KtAsOt 

KtPtF4 {»«o) 

KiPtCL (< 0 ®) 

KtPtCU (221, 408, 880) 

KsPtBrs (5«0) 

KsPtL (®«0) 

KMn04 (®f ®> 1®2, 208, 1 340, 803, 847, 

H,S 04 , MeOH, Me, CO, 
AcOH, C 4 H*N, KOH ( 228 ); 
various solvents (®®*) 

K,Mn04 (340) 

KCo(NH,),(NO,) 4 H,0, MeOH. C 4 H 4 N ( 221 ) 

K,Co(CNS)4 (2*7) 

K,Co(CN)4 (407, 888) 

KlCr04 (22l, 574t); KOH (213J); Kg. 

4 

KiCriOi (221) 

K,Cr(CN), (407) 

K,Fe(CN)4 (177, 407, 492) 

K4Fe(CN)4 (irv, 221 , 230 , 492 , 888) 

RbCl Fig. 1 

Rbl (81^) 

RbHSO, (*74J) 

C* MeNH, (>«*t) 

Cel (81 j) 


OROANIC COMPOUNDS AND THEIR INORGANIC SALT- 

DERIVATIVES 

Scope. The following bibliographic index serves also as an 

ind^ to the numerical data, given as curves, on p. 359-379. The 

bibliography includes all organic substances, exclusive of dyes, 

wh^ absorption spectra have been measured. In the infra-red 

region all measurements are quantitative; in the ultra-violet a 

very large proportion are purely qualitative and are based on the 

change of the limits of absorption with the length of the path. 

Amngement The organic compounds are arranged according 

to the C-arra^ment” and their inorganic salt-derivatives are 

grouped immediately after the parent compound. Substance to 

which a formula cannot be assigned are listed at the end of each 
section (p. 334 and p, 356). 

For referent texts, «es (*»T, S4i). xhe solvent is ethyl alcohol 
unless otherwise stated. 

^“Tsble. — C-Arrangement 

(g- Vol. HI. p. viii) 

— — j Name, solv ents and literature 

^ Infra-red 

CCl^ Phosgene (427) 

^^liS Thiophosgene (4*7'|') 

Carbon tetrachloride (>®7| 7>8,t sas.f 347 .t 

80tj) ' ** 

COS Carbonyl sulfide (*46) 

CS, Carbon disulfide («i 7, la, 101 , 136 ,+ i« 9 ,t 336,+ 

CHBr »••!); Vap. (^tt 7, •, 12. 886, t 887t) 

v^HBr, Bromoform ( 182 , 169,| 338,| 347 ^) 

CHCl, Chloroform (i»t ®**4, loi, 149 , isi,4 is 2 , lee.f 

cm ^'**4 373t) 

^HI» Iodoform (I 8 I) 


CCliO 

ccigg 

cos 

cs, 

CHBr, 

CHCl, 

CHI, 


Formula 


N 

,Br, 

tClt 

Jt 

«Ot 

la 

a 


CH,NO 


C,HCliO 


C,H,C1,0 


C,H,C10, 

C,H,C1,0 


C,H,NS 


CiHaBr 


C,H,NO 

C.HiNO 


C,H,Br 


iN 

C,H.NS 
C,H,Br, 
O 
O 
O 

O, 


CtHTBr 


I Name, solvents and literature 


Hydrogen cyanide (4«, •«, 313|); Vap. (*8) 

Methylene bromide ( 1 * 2 ) 

Methylene chloride t^*** *®®»t 33S-|-) 

Methylene iodide (i«2, I8»,f 236f) 

Formic acid (if); Vap. (373-|-) 

Methyl chloride: Vap. (**®»t *®7f) 

Methyl iodide (i»t ***» !**» i®®ft 336, -j- soi,| 
802) 

Nitromethane (1®1) 

Methane: Vap. (®»t 7, l®it n* I88»t loi, io«it 

109, 1 124, 1 125, 1 126, 1 313, f 541, f 556, | 857 j) 
Methyl alcohol (lif *• 73, J 169,| 345, J 347, J 375 , 1 
376, f 377,f 501, 1 502, f 652); Vap. (l®*t ’73f) 

Tetrachloroethylene (i®i| l®*t) 

Cyanogen: Vap. (*8| 856, -j- 557-|-) 

Trichloroethylene (592.2) ^ 

Trichloroacetic acid (*2*4) 

Acetylene: Vap. («it ®it *8, ioo,| loi, 126 , | 3is,f 

I j 349,-|- 376,| S56,| 5S7-|-) 

Dichloroethylene (592.2) 

Dichloroacetic acid (***4) 

Tetrachloroethane (592.2, 627) 

Chloroacetic acid (*2-4) 

^ Chloral hydrate (l®2) 

Acetonitrile (i®i) 

Methyl isothiocyanate (l®®» i®i 
Ethylene (7, 9,| lOO, lOl, 126 , | 313, f 349, 436, 556, 
557t) 

Ethylene bromide (i®i» 152, i«9|) 

Ethylene chloride (l®** i®®»t 336, | 592.2) 

1, 1-Dichloroethane (336|) 

Acetaldehyde (i»t i®*it 376, 6 S 2 ) 

Acetic acid (lif S2.4, loi) 

Ethyl bromide (ijf 7®2» l®®it 336|) 

Ethyl chloride (* 82 ) 

Ethyl iodide (lif *®i| 182 , 169,+ 336,+ 502+)* 

Vap. (3491) 

Nitroethane (*®i) 

Ethyl nitrate (1 f) 

Ethane (i®®»t **3, S75|) 

Ethyl alcohol (iif ®» 73, J lOl, 169, | 336, | 346, t 
347, J 377, -j- 417,801,-^ 855, 6S8,-|- 592.2, 652,653+)- 
Vap. (373, 1 556, 1 657, f ®®®t); Na salt («S 2 ) 

Methyl ether (ioi| 80 i,|); Vap. (*4 ***) 

Glycol (l«»,t®**) 

Ethylmercaptan (l®i» 347 j) 

Ethylamine (*®*t) 

Ethylenediamine (^®®t) 

Acrolein (437|) 

AUyl bromide (*®®t) 

Allyl chloride (*®®t) 

AUyl iodide (7®®t) 

Ethyl cyanide (*®*) 

Ethyl isothiocyanate (io®i i^lf) 

Trin^thylene bromide (*«®t) 

AUyf alcohol (Iff *01, f 652) 

Propionaldehyde (378,-|- 4S7) 

Acetone (lOl, 152, 169,f 374,+ 375 ,+ 376 ,+ 378 . 4 . 
437, 627); Vap. (101) T .T tT 

Propionic acid (i f) 

Methyl acetate (S2-4, •!, lot, les.f sss.f 37 s t 
•»*); Vap. (S4»t) ^ 

Methyl carbonate (lOl) 

Propyl bromide ( 1 S 2 ) 

Propyl iodide (i,t 1 * 2 ) 
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Formula 


Name, solvents and literature 


C,H :1 

CjHaO 

C.HsO 

C,H«0, 

C,H,N 

C,HnN,0, 

C*H4S 

C4HtN 

C4H5NS 

C 4 H« 0 , 

C 4 H 6 O 5 

C4H8O 

C4HSO 

C4H8O 

CdUOr 

C.HsOj 

C 4 HSO 1 

C4HgBr 

C*H,C 1 

0 *HgI 

ChH^NOj 

C.H.o 

C4H.0O 

CMI.oO 

C4H,oO 

CJLoO 

C4H,oO 

C4H,oO 


C4HioO| 

C4H,o04S 

C.H.oS 

C4H„N 

C4H„N 

C,H 40 , 

C*HsN 

CJI.O 

C^HsO 

C,H«0, 

C»Hs04 

CsH.oO 

C.HioO 

CsHioO 

C^IIioOi 

CeHiqOi 

C*HioOj 

CiHioOi 

CsHijOi 

CsHioOi 

CjHiuOj 

C.H.»0, 

C»HioOi 

CEHuBr 

CeH„CT 

C.H„N 

CdHuNO, 


Infra-red. — (Continued) 

Isopropyl iodide ('^ 2 ) 

Isopropyl alcohol (ttf 

Propyl alcohol (l.f 73, J 169,| 345, J 347, J 377, 1 627, 
652) 

Propyleneglycol (®®3) 

Glycerol (Gf ®52) 

n-Propylamine (52.3, 153.3) 

Guanidine carbonate (®70) 

Thiophene (* ) 

Pyrrole (* to* , 

Allyl isothiocyanate 
Acetic anhydride (52.4, I69f) 

Malic acid (^® 2 ) 

Butyraldehyde (378,^ ^37 1 ) 

Isobutyraldehydc (^37 1 ) 

Ethyl methyl ketone (378|) 

Butyric acid (652) 

Isobutyric acid ('» 652) 

Ethyl acetate (^69,| 652) 

Methyl propionate (652) 

Isobutyl bromide (*® 2 ) 

Isobutyl chloride (*^3) 

Isobutyl iodide (^®3) 

Butyl nitrite (> 52) 

Butane ('o®* '©Gf 
Methyl rt-(i3o)propyl ether (592,2) 

Butyl alcohol (Gf 73,1 
«53); Vap. (373f) 

Isobutyl alcohol (Gf »69,| a36,f 345, j 347 , j 375 , j 

377. 1 652) 

.s«c.-Butyl alcohol (652) 

(ert. -Butyl alcohol (377 j) 

Ethyl ether (Gf i®G >52, 169, f 336, f 347, { 373 , 
555 , t 692.2); Vap. (6,t 7, 9,f II. 12 , 100 , f 373, 

856. 1 557, 1 558|) 

Methylglycerol (377 1 ) 

Ethyl sulfate (>°>) 

Ethyl sulfide (>ft >®>) 

Diethylamine (>69f) 
n-Butylamine (52.3, 153.3) 

Citraconic anhydride (>t) 

Pyridine (ioo» >oi, 50i,f 595) 

Allyl methyl ketone (378 1 ) 

Ethyl propargyl ether (37 4^) 

Acetylacetone (3 76 j^) 

Dimethyl malonate (3 7 5-|^) 

Isovaleric aldehyde (378|) 

Diethyl ketone (378 1 ) 

Isoproji^l methyl ketone (378f) 

Valeric acid (i.f 
Butyl formate (375-|-) 

Isobutyl formate (375|) 

71- Propyl acetate (592.2) 

Ethyl propionate (592.2, 652) 

Methyl butyrate (652) 

Methyl isobutyrate (*52) 

Ethyl lactate (592.2) , 

Ethyl carbonate (>6>> 592.2) 

Amyl bromide (>»t >®®t) 

Amyl chloride ('6®t) 

Amyl iodide (>.t 
Piperidine (>66> >o>* 598) 

Amyl nitrite f> t) 


Formula 

1 Name, solvents and literature 

CeH,: 

Pentane (>52, I 53 )j Vap. (556, ^ 557 -f-) 

CtH.^O 

Amyl alcohol (l»t ®”); Vap. 

(373) 

C,H.,0 

Isoamyl alcohol ( 345 , J 377, | 652) 

CeHmO 

teri.-Amyl alcohol ( 377 ,^ 652) 

CeH.sO 

Methyl i 3 o(n-, sec.-, tert,-) butyl ether (*•*■*) 

CjHijOj 

Ethylglycerol ( 377 '|') 

CeHuN 

Isoamylamine (52.3, 1 S 3 . 3 ) 

CeHsBr 

Bromobenzene (>»t >o >7 539 ); Vap. (53®) 

CflHsCl 

Chlorobenzene (i<»»t »2*); Vap. (538) 

C«HsF 

Fluorobenzene (^ 37 ) 

CaHsI 

lodobenzene (538); Vap. (528) 

CaHaNO, 

Nitrobenzene (>»t >®>» >®®»t 

CaHa 

Benzene (i.f 

153.2, 169, 1 347, J 376, | 436, 437, 501, 502, 828, 
555 |); Vap. (e»t >®»t ®*®t) 

CaHaO 

Phenol (too.t 

CaHaOi 

Phloroglucinol (>® 2 ) 

C.H 7 N 

AniUne (Jif 5>, B 2 .i,f lOO, loi, 1 53 . 2 , 153.3, 169,t 
367, 436); Vap. (367) 

C.li,N 

a-Picoline (><«>» ><»» s®5) 

CeHioOi 

Ethyl acetoacetate (*»t 376|) 

CaHioOa 

Ethyl oxalate (>»t 375 , f 376, -j- 652) 

CellioOi 

Methyl succinate ( 375 f) 

CaH.oS 

Allyl sulfide (>it 

CaHTnl 

Hexyl iodide (> f) 

CaH„N 

Amyl cyanide (>5®t) 

C.Hu 

Cyclohexane (374, j- 376, | 437 ) 

CaH„0 

Isobutyl methyl ketone (73, J 378|) 

CaH„0, 

Caproic acid (>o°»t >®*) 

CaHijO, 

Isocaproic acid (>®>) 

C.H„0, 

Amyl formate ( 375 , | 592.2) 

C,H„0, 

Isoarayl formate (5*3) 

CaHiiOi 

Ethyl butyrate (3 75,j 592 . 2 , 652) 

CaH„0, 

Isobutyl acetate (652) 

CaH„Oa 

Methyl valerate (375f) 

C.H„0. 

Methyl isovalerate (652) 

CaH„0, 

Propyl propionate (375|) 

CflH„Oa 

Paraldehyde (>it >6>» >6*t) 

CaH„Oa 

d-Fructose (>63) 

CaH.iOa 

d-Glucose (>63) 

CaHu 

Diisopropyl (>69|) 

CaHia 

Hexane (73,t 101 , 152, 169, f 347,| 437) 

C.H 14 O 

Methyldiethyl carbinol (592.2) 

CaHuO 

Methyl iso(n-, tert.-) amyl ether (*92.2) 

CaHuO 

Hexyl alcohol (*77 j) 

CaHiaO 

Methyl diethylcarbinyl ether (592.2) 

CaHuO, 

Propylglycerol (377 j) 

CaHuOa 

Mannitol (>63) 

CaHiaBrS 

Triethylsulfonium bromide: CiH*Cl4, C»H»NU», 
C,H 70 H, C*H„0H, PhCHiOH, Me, CO («37) 

CaH.aN 

Di-n-propylamine (*2.3, 153.3) 

CaHiaN 

Triethylamine (>6>) 

CrHaN 

Benzonitrile (>6>i >6®t) 

CrHaNS 

Phenylisothiocyanate (>66» >*>) 

CrHaO 

Benzaldehyde (>66»t >o>, >69»t *7®it 43*) 

CyHaO, 

Benzoic acid (*95) 

C 7 H 7 CI 

Benzyl chloride (>»t >6*t) 

C7H,N0 

o-(p-)Nitrotoluene («»*) 

C 7 H, 

Toluene (». «« ».t ‘®®- ’®‘> ***’ 

501, 1 802, 586|) 

CtH.O 

Benzyl alcohol (374, -j- 627) 

. C,H,0 

Anisole (> 6*1 '*>) 

C7H,N 

Benzylamine (*3.2, 183.2) 


INFRA-RED ABSORPTION SPECTRA— ORGANIC SOLUTIONS 


Formula 


CtH,N 

CiHiN 
CrHiiOi 
C7RUO4 
CtHi 4 
C7Hj4 “ 

CtHiiO 

O7H14O 

CtHuO, 

OrHi 40 t 

CrHii 

CrHieO 

CrHieOi 

C,H 4 

CaHtO 

CiHsOi 

C.HsOi 

CiH|Oi 

CiHsOs 

C«Hio 

CsHio 

C4H10 

CaHie 

C4H1# 

C4R10N4O 

CiHioOs 

CJIiiN 

CaHuN 

C»HuN 

CaHuN 

CaH.aOa 

CaHi, 

CaHitO 

CaHiaO 

CaHiaOi 

CaHiiOt 

CaHnN 

CaH.a 

CaHiaO 

CaHiaO 

CsHiaO 

CaHiaO 

CaHiaOi 

CaH.aN 

C.H,N 

CfHioO 

CfQioOt 

CfHn 

CiHii 

C»H„ 

CfHiaO 

CaHitO 

C,HuN 

Ca^uN 

C.HuN 

CaHu 

CiHiaOt 

Ca'HieClNOf 

CaHi.O, 

•CaHiaOa 

CaHuOa 

CaHiaO 


Name, solvents and literature 


Infra-red. — {Continued) 

Methylaniline 101 , iss.s) 
o-Toluidine (loi) * 
p-Toluidine (i»3.3, 436) 

Diethyl malonate ***) 

Dimethyl glutarate 
Dimethylcyclopentane 
Methylcyclohexane (^3^) 

Heptaldehyde (37«|) 

Dipropyl ketone (378 -j-) 

Amyl acetate (376, -f 592 . 2 ) 

Isoamyl acetate (®*3) 

Heptane (*52, 153) 

Heptyi alcohol (577-|-) 

Butylglycerol (577|) 

Phenylacetylene (574 1 ) 

Acetophenone (376 j) 

Anisaldehyde (374,-^ 378-^) 

Phenyl acetate (*®*) 

Methyl benzoate (892.2) 

Methyl salicylate (*»t *®*) 

Ethylbenzene (^9*3it ^36, soi j) 

Xylene (*99, t sssf) 

o-Xylene (<«-®.t *90» *0*1 ^36, 437 , f 50i,t S02) 
m-Xylene (66.5,^ loi.f 153.2, *436, 437, soif) 
p-Xylene (9«-3it *®®»t soi|) 

p-Nitrosodimethylaniline (*®*f 989) 
Dimethylreaorcinol (376^) 

Dimethylaniline (*i 5*i *o*» 153.2X 
Ethylaniline (**» 153.2) 

Xylicfme (*oo» *«*) 

Methyi-p-toluidine (*3*-*) 

Diethyl succinate (*o*» 376, | 652) 
Dimethylcyclohexane (374, | 437) 

Hexyl methyl ketone (3^t) 

Octyl aldehyde (378|) 

Butyl butyrate (®**) 

Isoamyl propionate (*^3) 

Coniine (895) 

Octane (* 00 , } 0 i, IS 2 ) 
n-Octyl aIcoh6l (»7«»t 377f) 

«ecj^>ctyl alcolml (3 7 7-|-) 

BuVyl ethfer (V**) 

'Octyl alcohol (9*3) 
a-Dmethyl-/S-isobutylglyool (*^7-^) 
Di-n-butylamme (**-3) 

Quinoline (*9*i *95) 

Ethyl phenyl Icetone (>78 j) 

E£hyl benzoate (*t) 

Cumene (*>*) 

Mesityleoe (9**8|f 101 , 16 Z, 163, 436, 437f) 

Propylbenzene (*741) 

Phenylpropyl alcohol (* t) 

Benzyl ethyl ether (* t) 

Methylethylaniline ( 8*1 I 83 * 2 ) 

Propylaniline (•*! 15S.2) 

Dimethyl-p-toluidine (iss.s) 

Cyclohexylpropine X*74|) 

Triacetin (*74) 

Ecgonine hydrochloride (*98) 

Amyl orotonate (>74, f *76|) 

Diethyl glutarate (*76f) 

Diipethyl ^-methyladipate (*781) 

Nonyl aldehyde (>78) 


Formula 


C9 Hi«Oi 

CjHuOj 

CjHjoO 

C»H,iN 

C10H7NO1 

CioHg 

CioHsO 

CioH.N 

CioHioOi 

C10H12O 

CioHijO 

CioHiiO 

CioHiiO 

CioHiiOi 

C|oHi 4 

CioHu 

CI0HI40 

CioHuO 

C.oHiiN, 

CioHiiN 

CioHijN 

CioHie 

CioHie 

CioHiaO 

C10H14O 

CioHisOi 

C10H20 

CioHioO 

CioHjoO 

C10H10O4 

CioH mOj 

CioHioO* 

CioHii 

CioHiiO 

CioHitO 

CioHitOf 

CioHjjN 

CnHnN 

CiiHjiO 

C11H13O1 

CiiHiiOi 

CuHi 40 

CiiHieNtO, 

CiiHitN 

CiiH «0 

C„H „0 

C11H14O1 

CiiHio 

CnHioN, 

CiiHioO* 

CttHiiN 

C.,Hi.N 

CitHuN 

CitBri 40 * 

C|*H |404 

Ci,Hi.N 

CiiHjiO* 

CifHiiOii 

CijHjiOii 

CiiHiiOii 

C|iH *4 

pitHii 

Pi^mO 

CiiHieOj 


I Name, solvents and literature 


Isoamyl butyrate (9*3) 

Isoamyl isobutyrate (983) 

Nonyl alcohol (3 77|) 

Tri-n-propylamine (52.3, 1S3.3) 
a-Nitronaphthalene (597) 

Naphthalene (S2, 101 , 436); CS*, CCI 4 (597) 
a09)-Naphthol: CCI 4 , CSj (597) 
a()3)-NaphthyIamme: CCii, CS 2 (153.3, 597) 
Safrole (i®*) 

Cumic aldehyde (i®*) 

Anethole (i.f 374, f 376 j) 

Isopropyl phenyl ketone (375, | 378-|-) 

Propyl phenyl ketone (>75 1 ) 

Eugenol (io®.t i®*) 

Cymene (i®*! *36) 

Diethylbenzene (*9‘5f) 

Thymol (io»,t i®*) 

Carvacrol (loo.f *®M; Vap. (34*1) 

Nicotine (595) 

Butylaniline (51, 153.2) 

Diethylaniline (*1) 

Limonene (I99,t i®*) 

Pinene (l«®,t i®*) 

Eucalyptol (i°9it i®*) 

Terpineol (i®o.t i®*) 

Ethyl diethylacetoacetate (* f) 

Decylene (73,J loi) 

Menthol (I99»t 
Decyl aldehyde (378|) 

Methylhexylcarbinyl acetate ( 9 **) 

Amyl valerate (376|) 

Isoamyl isovalerate (9*2) 

Decane (i®*) 

Decyl alcohol (377'|-) 

Amyl ether (* t) 

ce-Dimethyl-^-hexylglycol (377|) 
Diisoamylamine (52.3, 153.3) 
Methyl-o-naphthylamine (153.3) 
AUylacetophenone (374,| srs-j-) 

Ethyl cinnamate. (374,-|- 375 j) 

Ethyl benzoylacetate (376-|-) 

Isobutyl phenyl ketone (378-|-) 

Pilocarpine (595) 

Isoamylaniline (51, 153.2) 

Undecyl aldehyde (*78j*) 

Undecyl alcohol (377-|-) 
at-Methyl-a-ethyI-/J-hexylglycol (> 7 7 •]•) 
Diphenyl: CCI 4 , CiH. (loi) 

Azobenzene (i®*) . 

Ethyl salicylate (592.2) 

Diphenyktmine: P (52.1, 153.3) 
Dimethyl-o-naphthylamine (183.3) 
Ethyl-o-naphthylamlne (153.3) 

Eugenyl acetate (i®*) 

Diethyl phthalate (592.2) 

Dipropylaniline (51, 153.2) 

Dibutyl tartrate (375-|-) 

Saccharose (*93) 

Lactose (i®3) 

Maltose (*93) 

Dodecylene (73, | loi) 

Dodecane (l®*) 

Dodecyl alcohol (*77 1 ) 
a-Methyl-a-propyl-/?“hexylglycol (377 1 ) 




334 


international critical tables 





Formula 


Name, solvents an d literature 
Infra-red. — {ConiinxLtd) 


CijHnN 

Tri-n-butylamine (® 3 . 3 ) 

C„H„C1. 

Chlorotridecane 

CmHuN 

Dibenzylamine (**'3, 153.3) 

CmHitN 

Diethyl-«-naphthyIamine (153.3) 

CmH„N 

Dibutylaniline (®'» i® 3 . 2 ) 

CmHibO# 

Diamyl tartrate (3^®t) 

Ci4H2gCl 

Chlorotetradecane ('®*t) 

C.sHgiNO, 

/3-Eucaine (5®®) 

CuHjiNiOi 

Eserine (5®®) 

CisHjgOi 

Diethyl dibutylmalonate (3^®!) 

CuHjo 

Pentadecylene (^^if 

C,5H„N 

Triisoamylamine (® 3 . 3 , 153,3) 

CieHiaO 

l-Phenyl-2-benzoylpropane (3^®) 

CuHg.NO, 

Homoatropine (®®5)r 

C|«H ,2 

Hexadecylene 

C,H,4 

Hexadecane (*®*) 

C 17 HI 9 N 01 

Pipeline (5®®) 

Ci7H„C1N04 

Cocaine hydrochloride (®®®) 

Ci7H„NO, 

Atropine (5®®) 

Ci7H„CI 

Chloroheptadecane (*®*) 

CuHuN 

Triphenylamine: P (®3.i, 1S3.3) 

CisHjoOj 

Ethyl dibenzylacetate (*t) 

CmH,iNO, 

Codeine (5®®) 

CisHjjOu 

Raffinose (^ ®3.) 

C|bH,40i 

Oleic acid (7®>. l®®. *o®) 

C.,H„ 

Octadecylene (*®*) 

CinHieOj 

Stearic acid (*®*) 

CuH,8 

Octadecane (*®*) 

Cl oHiiN lO 

Cinchonidine (®®®) 

Ci.H,. 

Hydrocarbons ('®') 

CaoHa4N30i 

Quinidine (5®®) 

CioHa4NaO, 

Quinine (®®®) 

CaiHa.N 

Tribenrylamine (®3"2, 153.3) 

C„H„N07 

Narcotine (®®®) 

CjaH,! 

Hydrocarbons (*®*) 

CajHaftNaO, 

Brucine (702, 595 ) 

CaiH,, 

Tricosylene (7 0 l) 

Ca,H4« 

Tricosane (7 0 i) 

Ca4H4, 

Tetracosylene (* 01 ) 

C24H,0 

Tetracosane (7 00 , loi) 

CaeHsaOa 

Cerotic acid ('07f) 

CaoH«iO 

Myricyl alcohol (7 00 , loi) 

C,4H47NOn 

Aconitine (5®®) 

C4 oH,oN 40,8 

Quinine sulfate (5®®) 


Kerosene (*«3); Vol. IT, p. 163. 

Ketones 

Lard oil (*05, 153). 

Lavender oil 
Linseed oil 

Linseed oil fatty acids 

Nitrocellulose (celluloids, pyralin) *®®). 
Ohio oils 

Olive oil (^t »04, lo®, 

Paraflin oil (los, 169, | sss.j S5«t); </. Vol. 11, p. 
Peanut oil (*®®). 

Petroleum cf- Vol. II, p. 153. 

Poplar oils (3®*). 

Resin (lOl). 

Rubber (102| 55®, f ®»«it «®3t). 

Rosemary oil 

Salicylic acid esters (HOCjIiCOOR) (3^^). 
Sassafras oil (*^*t)* 

Silk, oiled (»®5t). 

Soya bean oil (*®®). 

Tung oil (*®®). 

Turpentine (lif 

Vinyl carbinols (CH,:CH.CHOHR) (374f). 


153. 


Formula 


CBrN.O. 

CBr,N,04 

CBr4 

CCIN.O, 

CC1,0 

CCljS 

CC14 

CI4 

CN40S 


CS, 

CHBrN,04 


CHBr, 

CHCl. 

CHI, 


CHN 

CHNO 

CHN8 

CHN,0. 


CHjBr, 

CH,a, 

CHJ, 

CH,N,04 


CH,N,0,S, 


Name, solvents and literature 


Ultra-violet and Visible 
Bromonitroform : EtOH (*®®) 
Dibromodinitromethane: EtOH (*••) 

Carbon tetrabromide 
Chloronitroform : EtOH (*•*) 

Carbonyl chloride: Liq., Vap. (**1) 
Thiocarbonyl chloride: EtOH (®3®t) 

Carbon tetrachloride 
Carbon tetraiodide : EtOH 
Tetranitromethane: EtOH (3®®* ®®^); 

EtOH and other solvents (3®*» ^3*); CHCl, 

(421) 

Carbon disulfide: Liq., Vap. (^*®) 
Bromodinitromethane: HiO (359, 291); HCl 
(359, 291); Et,0 (3»1); K salts: H,0 (*®«. 

291) 

Bromoform 

Chloroform (3«i>f 440|) 

Iodoform: EtOH (»i«. 3®«. ®®*»t 
CCI4 ®73t); C.H, (®»3t); hexane 

(573J) 

Hydrocyanic acid (*®*t) 

Cyanic acid, K salt: H|0 (*®®t) 

Thiocyanic acid, Co salt (*37); Et,0 (*3®); 
Hg salt: EtOH (»»») 

Nitrofonn (**•); H.O (*»«); HiSO. («»»> 
*»»); EtOH (»»•); Et,0 (*•«); Ag salt: HA 
Et,0 (*»»); Hg salt: HA CHCl^ EtOH 
(»»»); K salt: H,0 (>»•. *»•. *•*); Ns salt: 

EtOH 

Methylene bromide 
Methylene chloride 
Methylene iodide: EtOH (**•, 

Oinitromethane (***); Et,0 H,0 (***» 

3*1); HfSO,, NaOH (3»®); Na salts: EtOH 

( 344 ); K salt: H,0 (*•>) 
Diasomethsnedisulfonic acid, K salt: KOH 

( 347 ) 
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Formula 


Name, solvents and literature 


CH,0 

CH,0 


CHA 

CHA 

CHJ 

CH,NO, 


Ultra-violet and Visible. — (Continued) 

Formaldehyde (*♦» ®3); Vap. (*3» 538)j EtOH 

369 

Formic acid (**»t 

298J); P (262); H,0 (240, 262, 659, 1 660); 
EtOH (240, 262 ); Ba, Ca, K, Li, Mg, Sr salts: 
HiO = 7 (SfiO); Co salt: H,0 (320); Na.salt: 

H,0 ( 1 « 2 , 659, 1 660 ); Balt: H,0 (2^0» 

660) 

Trithiocarbonic acid: CHCli, CJIiCH,, ligroin 

Ba salt: H,0 ( 2 i 2 j) 

Perthiocarbonic acid; CHCl*, CftHsCHi, ligroin 
(21* t); Na salt: H,0 (* 12 {) 

Methyl iodide (‘•-• 2 -f); EtOH (no) 
Nitromethane (®®®t)j H»0 (291, 664); EtOH 

(25, 265, 664); H,S 04 (2®®); alk. (25, 255, 

e«<); Vap. (*«); Na salt; H,0 (29i); EtOH 

(244) 


CH»N,Oi 

CH4 

CH 4 N, 

CH4N,0 

CH4N,Ot 


CH4N,S 

CH4N,S 

CH 4 N 4 O, 

CH 4 O 

CH 4 O.S 

CH 4 N 

CH.C1N 

CH,C1N, 

C 1 CI 4 

c,cu 

CJ, 

C,HC1,0 

C,HC1,0,. 


ca* 


CsHsBr* 

C,H,C1, 

C 1 H 1 CI 4 

C,H,L 

c,Ha.04 

C,H,0 

CtHtO* 

catO* 


C|H|C10 

caiCio* 


C*HiCltOt 

ca*N 

ca.N 


Nitrourea: EtOH + alk, (2®) 

Methane (l ®2 -f) 

Hydrazomethane (2®*) 

Urea (25, 594 ); p, 359 

Methyinitroamine and salts; EtOH (25); Co 
salt; H,0 (i« 2 ); Cu salt: H,0 (l®®); Ni salt: 
H,0 (163, 164) 

Thiourea (^* 4 ); p, 359 
Ammonium thiocyanate ( 6 * 4 ) 

Nitroguanidine: EtOH + alk. (25) 

Methyl alcohol (6^, 56, 286 , -j- 438-|-) 

Methylsulfonic acid, Na salt (®6^) 
Methyiamine (63) 

Methylamine hydrochloride: HiO ( 226 -|-) 
Guanidine hydrochloride: c/. p. 359 
Tetrachloroethylene: EtOH (641 -j-) 
Hexachloroethane: EtOH (44i|) 
Diiodoacetylene (423J) 

Chloral: EtjO, Vap. (638); c/. p. 369 
'I'richloroacetic acid (I 62 j); HiO (162,J231, 
240, 659f); Eton, EtiO (240); ligroin (231, 
*40); HCl, H,S 04 (231); NH 4 salt: H,0, 
EtOH (240); Na salt: H,0 (l« 2 .t 659) 
Acetylene (*61, f *63, 600,60i);EtOH, MejCO 

(^‘t) 

Dibromoethylene, cie and trans: v. p. 359 
Dichloroethylene, cis and trana: EtOH, 
hexane (l»4t); cf. p.^69 
«ym.-Tetrachloroethane; EtOH (44ij*) 
Diiodoethylene (42»t); c/. p. 369 
•Axodicarboxylic acid; K salt: KOH (* 47 ) 
Ketene: hexane (*2®»t »7i J); cf. p. 369 
Glyoxal: EtOH (®»®); hexane ( 4 i 8 ,^ 4 i 9 j). 

Vaix (418, 888 ); ^.p. 369 

Oxalic acid (®4, 86 ,^ 88 ,| 66 ,{ 428,f 645.8 j); 

H,0 (2®a,669,f 660 f); Eton (252); cf. p! 
359; Co salt: HiO ( 3 * 0 ); K salt: HiO (252, 
«®®t); Na salt: HiO ( 6 « 0 f) 

Acetyl chloride: hexane (2®*) 

Chloroacetio acid: (i®*t); HCl (*40); HjO 
( 281 , esof); Eton ( 281 , 240); K, NH 4 salts: 

H*0 (240); Metallic salts: HiO (*31); Na 
salt: HsO (3®*it 689|) 

Chloral hydrate: EtOH (®*8); p, 359 
Methyl isocyanide ( 68 J) 

Acetonitrile ( 6 SJ) 


Formula 

C,H,NO 

CaH.NO, 

C,H,N04 

C,H4 

C2H4C1* 

C,H4li 

C,H4N0, 

C 2 H 4 N 2 O, 

C 2 H 4 N 2 O, 

C1H4N2O4 

C 2 H 4 N 4 

C 2 H 4 N 4 O* 

C 2 H 4 O 


C,H40S 

CsH40s 


CsH40a 

C 2 H 4 O 1 

C 2 H 4 CI 

020*010 

C 2 H 4 C 10 

CiHJ 

CiH»NO 

C,H*NO 

C,H»NO* 


C,H»NOi 

C,H*NO, 

CjHiNOi 

C,H*N, 

C,H,N.O, 

C,H4N* 

CiH^NiO 

C,HeN, 0 * 

C,H*N, 0 , 

C2H4O 

CtHfOtS 

C.H^S 

C,H,N 

CiHtN 

C.HtNO 

C2H4N* 


I Name, solvents an d literature 

Methyl isocyanate: P (260t) 

Isonitrosoacetic acid: EtOH, EtOH -f- alk 

(31) 

Nitroacetic acid: EtOH, Et*0 (2®®); K salt; 
H,0 (265) 

Ethylene: Vap. (263,f 601 , 602) 

Ethylene chloride (26tf) 

Ethylene iodide: EtOH (*i«, 423) 
Nitroacetaldoxime (255|) 

Ethylnitrolic acid: MeOH (*45); Ksalt; MeOH 
(245); iso-K salt; MeOH (245) 

Methazonic acid: Et20, H 2 O, NaOH (255) 
Dinitroethane and K salt: H 2 O ( 2 ®*) 
Tetrazine: Vap, (386) 

Azodicarbonamide (247) 

Acetaldehyde (64, J 56, | 69,^ 65, j 176.2-|' 309, j 
310, j 538, J 571); hexane (47®t); EtOH, Vap. 

(538); p. 369 

Thioacetic acid and K salt (25*) 

Acetic acid (®4,t 65, J 56, J 57 , J 58, J 59 , | 60 ,J 

64, J 66, J 67,J 298,J 382f); H 2 O (65, 182,1 
204,{ 231, 240, 252); p (240, 252); EtOH (*31, 
240, 252); Et 20 , hexane (*40); MeOH, C*Hn- 
OH (252); ligroin (231, 252); cf. p. 369; Ba 
salt: H,0 (23i, 660 i); Ca salt: HjO (« 60 f); 
Co salt (331, J 388); Cu salt (331, J 382); Hg 
salt (96); H,0 (*' 3 ); K salt: H,0 (*31, 240, 
252, 660 f); Li, Mg salt: H,0 (esof); NH 4 
salt: H,0 (231, 240, 6601 ); Ni salt: H 2 O 
(331 J); Na salt: (*62t); HiO (240, 659,1 
6601 ); Pb salt: H,0 (*72); Sr, Zn salt: H,0 
(6601) 

Methyl formate (55it 57,j 60 , j 240, 252) 
GlycoUic aldehyde: H*0, EtOH (426 1 ) 

Ethyl chloride (*611) 

Ethylene chlorohydrin (592.3); p^ C*H«, Vap. 

(372.21) 

Ethyl hypochlorite: ligroin (562, 568) 

Ethyl iodide: EtOH (i I 6 , 386, 573 j); C 4 H 4 
(366); H,0, hexane, CCI 4 (s^sj) 

Acetaldoxime (6*f); HiO (*^ 61 ) 

Acetamide (631); cf. p. 359 

Aminoacetic acid: t;. p. 369; Co salt (3971);H,0 

(396); Cu salt (3821); H,0 (391) 

Nitroethane (22®); EtOH (*5, 255 , 664^; ^Ik. 

(255, 664) 

Ethyl nitrite: EtOH, EtOH + EtSH (*59) 
Ethyl nitrate: EtOH (*40, 562); ligroin 

(566) 

Triazoethane: v. p. 369 
Biuret (594) 

Azomethane (*47): Vap. (540.5) 
Dimethylnitrosoamine : EtOH (*8) 
Ethylnitroamine, Co derivative (i®*); Cu salt 
(*®3); Ni salt (l«4) 


, Cu salt: 

Ethyl alcohol (94»J 86,1 39*4 4381) 
Ethylsulfonic acid, K salt (®®^) 
Dimethyl sulfide: EtOH (*4*) 
Ethylamine (®3|) 

Dimethylamine (6*1) 

Colamine: v. p. 359 


Ethylmtrosohydroxylamine 

(168) 


H,0 


k 

1 

d 


Ethylenediamine (631); ( +HC1) p. 869 


I 



Formula 


CiClaN, 

CaHBrsO 

C.H,N,03 

C,H,NO« 

CaH.NS 

C,H,N,0, 

CiHaNaO, 

^.HaBr^NTO^ 

CaHaCljO 

C.HaN, 

CaHaN, 

C,HaN,Oa 

CaHaO 

CaHaO, 

CaHaOa 

CJTaOa 

"•HaOa 


C.HaBr 

CjHiBrNaOi 

CaHaClO 

CaHaNO 

C.HaNOa 

CaHaNaO. 

C.H.Na 

CaHaNaOa 

C.HaNaO, 

C.H.NaO, 

CiHaNaOa 

CaHaNaOa 

CaH.Na 

CiHaO 

CaHaOSj 

CaHaO 


C 1 H.O 

CaHiOi 

C.HaOa 

CiH»Oi 


CiHeOjS 

OjHaOs 

OaHaSa 

CaHfSa 

CaHaNO 

C.HtNO 


Ultra-violet aad Visible. — (Continti^d) 

Cyanuric chloride: EtOH (^sof) 
Pentabromoacetone ('^®) 

Parabanic acid: v. p. 359 
Nitromalonic acid, salts: HjO 
Thiazole (® 54 ) 

Cyanuric acid: HaO ( 262 , 280 ); cf. p. 369 

Nitrocyanacotamide: HjSOa, EtaO (25«); Na 
salt: H 5 O (258) 

Dibromomalonainide: H 2 O (*®®) 
Dichloroacctone (*^®) 

Pyrazole (®®^) 

Glyoxaline (®®^) 

Oxaluric acid (®®^); cf, p. 359 
Acrolein (59, J 539 ); h, 0, hexane, EtaO (^**J); 
Vap. (418, 539); cf. p. 359 

Acrylic acid: hexane (4i«t); cf. p. 359 
Methylglyoxal: v. p. 359 
Pyruvic acid ( 82 , J 66 , j 68 j); cf. p. 369 
Malonic acid ( 54 ,J 56,j 58j); H:0 (659, | 
seof); Na salt: NaOH ( 82 ); HaO («59,f 

660 j) 

AJlyl bromide: EtOH, Vap. (S 39 ) 

Bromomalonamide: HaO (i® 8 ) 

Chloroacetone (i^®); BtOH Vap. (588) 

Ethyl isocyanate: P ( 280 |); hexane (870,j 
371 J) 

Isonitrosoacetone ( 1 ^ 8 ); EtOH, alk. (31) 
Nitroglycerol: HaO (3ii) 

Pyrazoline (884) 

Malonamide: HjO, N«OH ( 82 , 198) 
Urethanediazohydroxide, Na salt: HjO (247) 
Nitrosourethane: EtOH (25) 

Nitrourethane; EtOH, Alk. (25) 

Glyceryl a-/3(7)-djnit^te: HjO (311) 
Melamine: HjO (28u) 

Ally] alcohol: hexane (88»t 418); p ( 261 -^); 

EtOH (428, 539); Vap. (41«, 539^ cf. p. 369 
Xanthic acid: ligroin ( 211 , f ***); EtOH (21 l,t 
252); EtaO (211 t); K Salt: HjO (252) 

Acetone (54, J 56, | S9,| 61 ,J 62 , J 65,J 66, J 67, J 

69, J 98, 175, 176, 191, | 228, 294, 308, J 309, J 
310, J 410, 534, 545, 1 474, 598, J 601); HjO 
(82, 204,J 497,J 609); EtOH (82, 220,404, 
497, J 538, 546, f 609); NaOH, HCl (82); vari- 
ous sol. (546,1 573|); Vap. (538 j); cf. p. 359 
Propionaldehyde (54,J 56, j 59j); EtOH, Vap. 
(538); cf. p. 369 

Ethyl formate (55,J 57,j eoj); p^ ligroin, 
Et,0, EtOH (252) 

Methyl acetate (54,J 86,j 57,j 60 j); HjO, 
EtOH, EtaO, hexane (240) 

Propionic acid (54, j 55, j 56,| S7. + S8, j eo, j 

252); HaO («59,t«8®t): cf. p. 359) Ba, Ca, 
K, Li, Mg, Na, NH 4 , Sr salts: H 3 O («89,t 
660-1’) 

Monoethylthiocarbonic acid (252) 

Lactic acid (ssj); CHCL (134); cf. p. 359 
Ethyl trithiocarbonate: ligroin, EtaO ( 2 i 2 j); 

K salt: HaO (2i2t) 

Trithioformaldehyde (534j) 

Propionamide (63 J); EtOH (3®®); <:/. p. 359; Hg 
salt (3»0) 

I Acctoxime (63, j 276f); cf. p. 359 


Formula 

C,H7N0, 

CaHaNO, 


CiHjNOi 

CaHjNO, 

CaHaNO* 

C.HaNO, 

CaH.NaO, 

CaHsNaOl 

CaHaO 

CaHsO 

CaH.Oi 

C,H.N 

CjHaN 

C4HBr,NOa 

C^HaBrNO, 

C4H.O, 

C4Ha04 

C4H,aN,Oa 

C4H,N,04 

C4H,N,0. 

C4H4BrNO, 

C4H4CINOa 

C4H4N,0, 

C 4 H 4 N, 0 » 

C 4 H 4 O 

C4H40a 

C4H40a 

C4H404 

C 4 H 404 

C4H40. 

C4H40a 

C4H40a 

C4H4S 

C4H4CIN, 

CiH.ClO, 

C4H»CliOt 

C4H*N 

C4HaN 

C 4 H 4 N 

C.HsN 

C 4 H 4 N 

C4H4N 

C4H*NOa 

C4H4NaO 

C4H4N,0 

C4H4N,0, 

C4H.N4O, 


Name, solvents and lite rature 

Urethane : EtOH -f NaOEt (•*) ~ 

ofAlanioe (594); EtOH (850 j); p, 359 . 
Co salt ( 2 » 2 ^); Cu gait ( 282 f); HaO (3®*); 
/3- Alanine, Cu salt: EtOH (3®*) 
l(2)-Nitroppopane: EtOH, EtOH + MeONa 

(664) 

Dimethyl thiosulfocarbamate, Co salt: CHCli 

(123) 

Glyceryl a(/3)-mononitrate: HtO (31*) 

Serine (265, f 594 ^) 

a(^)-Diaminopropionic acid (3®*^) 
Propylnitroamine; HiO (* 82 ) 

Propyl alcohol (*44 864 58, j 4 isf) 

Isopropyl alcohol (* 8 * 1 ) 

Methylal ( 534 f) 

Propylamine (83J) 

Trimethylamine (83J); EtOH ( 286 ) 
j Dibromomaleinimide : EtOH (**•) 
Bromomaleinimide: EtOH (3*®) 

Maleic acid anhydride ( 12 IJ); AcOH, H 1 SO 4 
(500); c/. p. 369 

Acetylenedicarboxylic acid (423) 
Aminochloromaleinimide: EtOH (3*®) 

Violuric acid: HaO, EtOH (2«9t); Na salt: 

H,0 (269f); p. 369 

Nitrobarbiturio acid ( 3 * 8 ); H*0, HiS 04 , 
NaQH (255) 

Succinbromoimide: EtOH (1®®) 
Succinchloroimide: EtOH (l®®) 

Barbituric acid (129|);H,0 (»«®t) P- 
Alloxan (* 291 ); H,0 (269f); K salt: EtOR 
(269t) 

Puran: EtOH (273.^ Silf); Vap. (5H); </. 
p. 369 

Methyl propiolate (5*1) 

Diketocyclobutane: hexane, EtaO (2204 *71 J) 
Fumaric acid (« 44 ^ 35 ); H,0 («»»t); EtOH 

(237, 429, f 430, f 607); Na Salt: HaO («»*t) 
Maleic acid (»*4 * 44 423. 6 o;); EtOH (4*»,1 
430t); EtaO (237); c/. p. 369 
Oxalacetic acid and salts: HaO, HCl, EtOH, 
EtaO (237) 

Hydroxyfumaric acid: EtaO (237) 
Dihydroxyfumaric acid: EtOH (*32) 
Thiophene:? (486,1 511 t);EtOH (2734 siif); 

Vap. (486. t 811 f); cf. p. 369 
3-MethyI-6-chloropyrazole (* 54 ) 
^Chlorocrotonic acid (*44 ^* 4 ); HtO (25*); 

/3-Chloroiflocrotonic acid (84pt 
Ethyl trichloroacetate: EtOH, EtaO (240); lig- 
roin (231, 240) 

Vinylacetonitrile (84J) 

Trimethylene carboxylicnitrile (84^) 

Pyrrole: P, Vap. (»"); EtOH (»”.t ***' ***’ 
8 >l); hexane (*21 J); cf. p. 369 
Crotononitrile (*4J) 

Isocrotononitrile (*41) 

Methylacrylonitrile (84^) 

Succinimide (l®®); HaO (3*®); EtOH (*®®)» 

Mg salt: HaO (38»); Hg salt (3®®) 
Dimethylglyoxime anhydride (i*®) 
3 -MethyI- 6 -pyra 2 oIone ( 5 * 4 ) 

Ethyl diaxoacetatfe : EtOH (*4^) 

Allantoin (8®4f)/c/. p. 369 
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Formula 


C 4 H.O 


CiHeO, 

C 4 H 0 O, 

C4HeOs 



C4HeO, 

C4H60,\ 

C 4 H .04 

C4H«04 


C4H60e 


C 4 H«Oe 

C4He04 

C4H7CIO, 

C4H7NO 

C4H7NO, 

C 4 H,N 0 , 

C4H7NO, 

C4H7NO; 

C*H7N,0 

C4H. 

C4HeN,0, 

C4H8NiOt 

04HgN7i0t 

C4H,N,0, 

C4H8N,0t 

C 4 H .0 


C 4 H .0 

C 4 H .0 

C 4 H 801 

C4HiOt 

C4H.O, 


C4H60t 

C 4 H 80 S 

C4H.O,Si 

C4HsSs 

C*HJ 

C 4 H,N 0 

C 4 H.N, 0 , 

C 4 H 10 N 1 

C4B10N sO 

C4B10O 

C4B10O 

C4B10O 

C4H]oO 

C4H10O8 


I Name, solvents and literature 

Ultra-violet and Visible. — (Continued) 

Crotonaldehyde : EtOH Vap. (®®*» 539) j 

hexane cf. p. 369 

Vinylacetic acid (*^t) 

Trimethylenecarbonic acid (*^t) 

Diacetyl (SSi *24 se.J «94 294, 

410); hexane (389, t 370j)j Vap. (370,j 538); 
cf. p. 369 

Crotonic acid (88, t 89, j 64,j es,^ 84^); h^O 
(252, 497J); Eton (539, 607); Vap. (539); cf. 

p. 369 

Isocrotonic acid (84 J) 

Acetic anhydride: EtjO (252) 

Dimethyl oxalate: P, MeOH, EtOH, ligroin 

(120, 252) 

Succinic acid (54, j 56, { 58, j 64. j eej); h^O 
(659, j 660f); Eton (120, 423, 607); c/. p. 359; 
Na salt: HjO (659,f oeof) 

• Malic acid (ssj) 

d(l)-Tartaric acid (ssj); H 5 O (429, f 6O8, 
< 180 j); Co salt: H^O (320); Na salt: H^O 
(660t) 

di-Tartaric acid (58J); H 2 O ( 808 ) 

I Mesotartaric acid ( 808 ) 

Ethyl chloroacetate : P (240); EtOH (23i, 240) 
^Hydroxybutyronitrile (*4^) 
Diacetylmonoxime (i*®) 
laonitrosomethylacetone: EtOH, alk. (3i) 
Acetylglycine; v. p. 359 
Aspartic acid: v. p. 369 
Creatinine: HiO (266) 

Isobutylene: Vap. ( 80 i, 602 ) 
Dimethyl^yoxime (38); Cu salt (l*®) 
d (i)-A^paragine : H*0 (429 f); cf. p. 359 , 

Nitroaomethylurethane: EtjO (247)»' 
Urethanediazohydroxide methyl ether: EtjO 

(247) 

Glyceryl methyl ether dinitdfte: HjO (3ii) 
Methyl ethyl ketone (*44 584 8®4 *24 1 ^ 8 , 
294, 545 j); H 2 O, heptane, CHCl, (846 1 ); 
Eton (838, f 546, 1 609); Vap. (538f) 
Butyraldehyde (54, J 56, j 69j) 
Isobutyraldehyde: v. p. 369 
Methyl propi(^nate (55,t 57, j 58, j 60 j) 

Ethyl acetate (*44 S5,j S6,j 57 , j 204, j 309,j 
*10t); P, EtOH (240, 252); H,0 (240) 
n-putyric acid (54, j 56, ^ 57, j 60j); p, Hgroin 
(252); H,04252, 659,t 660f); EtOH (252, 
. 807); K salt: H,0 (252); Na salt (OflOf); H,0 

(8»?t) 

Propyl formate (55, 57, 60) 

1, 4-Thioxan: EtOH (1*9) 

Diethylene disulfoxide: HjO (i*®) 

Diethylene disulfide: EtOH (i«») 

Isobutyl iodide : EtOH (n*)' 
itfrt.-Nitrosobutane: Et<iO (25) 

Creatine: v. p. 359 
Piperazine: EtOH; Vap., (*28t) 
Diethylnitrosoamine: EtOH (25). 

Ethyl ether (592.3) 
n-B>rtyl alcohol (844 56,j 438) 
lert.-Butyl alcohol (43$) 

Isobutyl alcohol (237-1^) 

Methyl orthoformate: P, HtO, EtOH (240) 


Formula 


C4H,oO»S 


C 4 H 10 O 4 S 

C4HnN 

C4HmC1,N, 


CsCUN 

C^HCUN 

C^HjCUN 

C.HzCUN 

CfiHjCL 

C^HiCUN* 

CsHaCLN 

CtH4N*0 

C 6 H 4 N 4 O, 

C4H4N4O, 


C5H4O, 

CSH 4 O, 


C 4 H 4 O, 

C 4 H 4 O, 


CtHeN 


CsHftNO 


CftHe 

C.HaClN 

CsHeClN 

CiHflClNjO 

CfiHaNa 

CaHeNaO, 

CjHaOi 

CsH.O, 

C6H4O4 

C5H.O4 

C 4 H 804 

CiHsOfi 

C*H7Br04 

C»H7N0 

C^HtNO* 


C*H?NO, 


C6H7N,0, 

C6H7N*Oi 

C6He 

CaHsN, 

CsHaO 

CfcHgO 

CsHaOi 


CsHgO, 

CsHgOa 

CaHaO, 


I Name, solvents and literature 

Diethyl sulfite (sym. and unsym.) (587, 861 ); 
P (562) 

Diethyl sulfate: P (562) 

DielKylamine (83 J) 

Tetramethylenediamine (putresceine) hydro- 
chloride: V. p. 359 

Pentachloropyridine (14); Vap. (520) 

2, 3, 4, 5-Tetrachloropyridine (*4); Vap. (520) 

2, 3, 5-Trichloropyridine: Vap. (520) 

3, 4, 5-Trichloropyridine (14, 5651); Vap. (526) 
Tetrachlorocyclopentadiene (416) 
Tetrachloro-2-ammopyridine: Vap. (520) 

3, 5-Dichlorop^ridine (564); Vap. (520) 
6 -Hydroxypurine (594f); H 2 O (127|) 
2,6-Dihydroxypurine (894|j^ HaO (I27f) 

Uric acid ( 12245941 ); H 7 O (I27.t 269f); cf. 
p. 359; Li salt: H 2 O (zeaf) 

■y-Pyrone: EtOH, EtOH + NaOEt ( 21 ) 
Furfuraldehyde: P, Vap. ( 8 ii); H 20 (I 8 O); 
EtOH (180, 273,f 511); c/. p. 359 
Pyromeconicacid: EtOH, EtOH + NaOEt ( 2 i) 
Pyromucic acid (Furan-a-carboxylic acid): 

EtOH (273t); cf. p. 359 
Pyridine (14, 38, J 428); p (486, 508); H 2 O 
(33, 39|); Eton (223. 263,^ 312, f 486. 

606 J); CHCh, HCl (223); hcxane (ise.j 
171. J 606 J); EtiO (666J); Vap. (312, 486, 

608, 606 J); cf. p. 359 

a(^, 7 )-Pyridone: EtOH (+HC1) (-|-NaOEt) 

C*) 

Cyclopentadiene: EtOH, Et 20 (81*); cf. p. 359 
Pyridine hydrochloride: H 2 O (276-j-) 
Pyridonium chloride: H 2 O, H 2 SO 4 (241) 
Guanine tydrochloride : EtOH (269-|-) 
a-Aminopyridine: EtOH (-|-HCi) ( 3 * 6 ) 
Aminomethylmaleinimide: EtOH ( 3 * 9 ) 
Furfuralcohol ( 88 J); cf. p. 359 
Triketo pentane: CHCU (416) 

Citraconic acid (5*4 EtOH (607) 

Itkconic acid (58 J); EtOH (867) 

Mesacouic acid (5*4 84J); EtOH (807) 
Acetone-1, I'-dicarboxylic acid (l*^®) 

Dimethyl bromomalonate : EtOH (i®*) 

Acetylacetonemonoximeanhydride : EtOH (1*5) 

Ethyl cyanoacetate : HjO, EtOH (H-NaOH) 
(82) 

Isonitrosoacetyiacetone (400); EtOH (d-alk ) 

.'(31) 

9 

3, 5 -Dimethyl- 4 -nitropyra 2 ole (5*4) 

Ethyl fulminurate: HtO (255) 
^Methylbutadiene (Isoprene) : Vap. (861, 802 ); 
cf. p. 359 

3, 5-Dimethylpyrazole (*54) 

Methyl allyl ketone: EtiO, Vap. (* 39 ) 

Methyl propenyl ketone: EttO, Vap. (* 39 ) 
Acetylacetone (24, 62, j 69, j 294, 204, j 370|)- 
EtOH (1*5, 22, 24, 269, 1 475, 476, 478); Vap! 
(538); cf. p. 359; metallic derivatives (22); a 1 
Be, Th (2 4); Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, 
Li, Sc, Th, Yt, Zn (476); Cu (i-S) 

Allylacetic acid (58,J 64, j 66 j) 

Acetylpropionyl (176) 

Ethyl pyruvate («8,J 67, j 68 , t 294); EtOH 

(609) 






338 


INTERNATIONAL CRITICAL TABLES 


Formul a 

CsHsO, 

CftHaO, 

CsHsO* 

CtHjBrNsOj 

C*H,NO, 

CkH,N04 

CftHio 

CbH.o 

CsH.o 

C.H.o 

CfiH.oClNO, 

CfiHjoNj 

CJIioNiO, 

CfcHioNaOj 

CsHioO 


CsHioO 


CjH loO 

CkH.oO 
CsHioOSa 
CftH 10OS2 

CfcH loOa 

CsH loOj 

C.H.oOa 

C.HioO, 

CiH inOi 

C.HfoOjS 

CfcH loOjS 
CsHioOa 
C4H I0S3 

C,HnI 

C^HuN 


C^HnNOt 

CsH.jBrN 

CsH.aClN 

CsHnClNO, 

CiHuNaO, 

C»H„0 

CtHuClNO 

CsHuCljNj 

C«Br40a 

C 4 CI 4 O 1 

CaCU 

caicl.Oa 

C,HCUN 

C*HiBriOs 

CtHtCljOi 

C«il,Cl,NOi 

C^HiBrOa 

C*H,Br30 

CtH,aOi 


I Name, solvents and l iterature 

Ultra-violet and Visible.— (Continued) 

Methyl acetoacetate {® 2 J) 

Levulinic acid: p. 359 

Dimethyl malonate: HjO, EtOH (-fNaOH) 
(198). ( + NaOH) ( + HCI) (82) 

Bromomalondimethylamide: EtOH (198) 
Methylnitrotetramethylene: EtOH (583) 

Glutamic acid: v. p. 359 
Trimethylethylene: hexane (^>8)j Vap ( 602 ). 
cf. p. 359 

Methyltetramethylene: EtOH (553' 
Cyclopentane: EtOH (553) 

Amylene: P, EtOH ( 26 i-(-) 

Glutamic acid hydrochloride: EtOH (6<5) 
Diethylcyanamide: hexane (37o,j 37i j) 
Nitrosopiperidine: EtOH, Vap. (520) 
Acetylacetonedioxirne (t»5) 

Diethyl ketone (S^.J 56,j 62,j 176, S45 j) p 

HiO, heptane, CHCL (s^ef); EtOH (538* 

5451); Vap. (538) 

Methyl isopropyl ketone (l 76, 294 , 545 j) j 
HaO, heptane, CHCU (546f); EtOH (546,+ 

609) 

Methyl propyl ketone (545j); p^ HjO, heptane, 
CHCl. (546f); EtOH (546.t 609) 
Cyclopentanol: EtOH (553) 

Diethyl dithiocarbonate: EtOH (536) 

Ethyl xanthate: EtOH (252, 536)j EtjO, 
ligroin (252); K salt: HjO (252) 

Propyl acetate (54, J 55, j 5e,j S7,j eoj) 
n-Valeric acirf (5^»t 5®t) 

Isovaleric acid and Na salt: H*0 («59|) 

Methyl butyrate (54, J 57, j eoj) 

Ethyl propionate (55, J 57, j 60 |) 

Diethyl thiocarbonate: EtOH (252, 536^)- 
K salt: HsO, EtOH (252) 

Diethyl thioncarbonate: EtOH (252, 536|) 
Diethyl carbonate: EtOH (ssflf) 

Diethyl trithiocarbonate: EtOH ( 2 * 2 , j 536); 
CHCI 3 , ligroin ( 212 j) 

Isoamyl iodide: EtOH (**6) 

Piperidine (298j); p (509|); EtOH (253, f 
312, f 395, f 509, f 520); (+acid) (520); Vap. 

(312, j 508) 

Amyl nitrite: EtOH (25); (-fEtSH) (259) 
Neurinc hydrobromide: i». p. 359 
Piperidine hydrochloride: EtOH (395 j) 

Betaine hydrochloride: v. p. 359 
Piperidine hydronitrite: EtOH (259) 
n(iert.)-Amyl alcohol (438) 

Choline hydrochloride: v. p. 359 
Cadaverine hydrochloride: v. p. 359 
Tetrabromobenzoquinone (4>0) 
Tetrachlorobenzoquinone; CHCb (403, 409, 
41*); Ca(CH4)4 (411) 

Hexachlorobenzene (26* f); EtOH, Vap. (*24 1 ) 
Trichlorobenzoquinone: EtOH (409, 6 i 0 ) 

2, 3, 4-HexachIoropicoline (506); Vap. (520) 
Dibromobenzoqulnone (4*0) 
Dichlorobenzoquinone: EtOH (409, 4ii, eiO) 

2, 3, 4-TrichloropicoIinic acid (506) 
Bromo-p-benzoquinone; EtOH ( 8 * 0 ) 

2, 4, ft-Tribromophenol : EtOH, Vap. (5*9) 
Chlorobenzoquinone: EtOH (409, 610 ) 


Formula 

^.Cl,NO,S 

CeH.Cl.NiO 

CsH.aiO 

CcHiCIjS 

C.H,N,0« 


CeHiNjOr 


C4H4BrCl 


C«H4Br, 


C 4 H 4 CINO 

CbH4CIN,0, 

C 6 H 4 CI, 

C,H4CLN, 

C4H4C1,S 

C.H 4 I, 

CeH4N,0 

C4H4N,0, 

CeH4N,04 

C8H4N,04 

C4H4N,0» 

CsHiNiOi 

C,H4NaO* 

C4H4N40« 

C 8 H 4 O 1 


C4H4O4 

CiH^Br 

C 8 HiBrNi 04 S 

C^HjBrO 

C^HsCl 


C4H*C1N, 

G.H4C1N,0,S 

C4H4C10 

CtHiClO 

c^H^ao 

C.H4CI,N 

C«H*F 

CtHJ 

C.HJO 


I Name, aolve nta and literature 

I 4-Chloro-2-nitrophenylflulfur chloride: CHCl. 

(174.2t) 

2, 3, 4-TnchIoropicolinainide (® 06 ) . Vap. (•*•) 
2, 4, 6-Trichlorophenol: EtOH, Vap. (•*•) 

2, S-Dichlorobenzenesulfur chloride: CHCli 

(174.2J) 

1, 3, 5-Trinitroben*ene: EtOH (*4, sit, S49)^- 

NaOEt, PhNMe,, CtH, -f- (C^HtrCH), (»4)| 

Na salt: EtOH (249); NaOEt (244) 

Picric acid (148.5); h,0 (77, 659f); EtOH 

(34,77); heptane, NaOEt, PhNMe,, C*H,, 

(C6H4:CH),, piperidine (34); HCl (•4,56); 

NaOH (8«t); K, Na salts (20»); H,0 
6eo|) 

o(m, p)-Chlorobromoben 2 ene: EtOH, Vap 

(524) 

o(m)-Dibromobenzene: P,t EtOH,t Vap. 
(515); p-Dibromobensene: EtOH (**•» **4); 
Vap. (524) 

p-Benzoquinone chloroimide: EtOH (*•») 
p-Nitrobenzenediazonium chloride: H,0 (*47) 
t)(m, p)-DichIorobenzene (*^); P,t Vap. (**•, 
*24); Eton ( 28 , 515|) 

p-Benzoquinone dichloroimide; EtOH (*•*) 
t-Chforobenzenesulfur chloride (*^4.2|) 
>(m)-Diiodobenzene: P,t EtOH,t Vap. (**^) 
o-Benzoquinonediazide: EtOH (•*, 247) 
Oxalosuccinonitrile (*75) 

Pyra2ine-2, 3-dicarboxylic acid and Fe, Na 
salts: H,0 (3®4) 

>(p)-Dinitrobenzene: EtOH (*4o, « 40 ); 

P («40t); EtOH (540, 640); hexane (440) 

J, 3(5)-DinitrophenoI (54iJ) 

I, 6-DinitrophenoI : H,0, HCl, NaOH (••); 
Na salt (209J) 

I, 4-DinitrophenoI: H,0 (77, 56, 660 ); EtOH 
(77); HCl, NaOH (85); Na salt: H*0 (O 8 O) 
*icramide: EtOH (472) 

^Benzoquinone. (410, 432, j 594, | 637); H|0 
(288, 610); EtOH (35, 234, 144, 288, 405, 
406, 409, 411); Et,0 (288); EtOH + p-C.H*- 

(OH),, PhOH + CHCl, (234); hexane (*55^); 
Vap. ( 288 , 408, 531); p, 359 

Hhydroxyquinone: EtOH (409) 
romobenzene: P (5i4f); EtOH (356. 456,t 
514, f 610 ); Vap. ( 202 , 486, 514, 658) 

■Bromobenzenediazoniura sulfate: H,0 (*47) 
p-Bromophenol: EtOH (385, 519); EtOH 4- 
NaOEt (385); Vap. (5i») 

Chlorobenzene (37J); p (5l4f); EtOH (W+ 

20, 386, 486,1 514, f 530); Vap. (202, 301, J 
486, 514, 647, 658) 

Benzenediazonium chloride: H,0 (347) 

o-Chlorobenzene-orUi(6yn)-diazosulfonic acid, 

K salt: H,0 (247) 

o-Chlorophenol: EtOH (356. 540); Vap. (*40) 
m-Chlorophenol: EtOH, Vap. (550) 
p-ChlorophenoI: EtOH (355, 540); EtOH + 
NaOEt (385);*Vap. (550) 

2, 4-Dichloroaniline: EtOH, acid, Vap. (**•) 
Fluorobenzene: EtOH (356); Vap. (**4) 
lodobenrene: P ("i^f); EtOH (386, 4t5,f 
*17t); Vap. (302,t 466. 5l7) 

p-Iodophenol: EtOH, Vap. (**•) 


ULTRA-VIOLET ABSORPTION SPECTRA— ORGANIC SOLCTJOXS 
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Formula 


Name, solvents and literature 


CeHiNO 

C*H.NO, 


C*H»NO, 

C«H,NO, 


C«H»NO* 

C«H,NO, 


C*H»NO, 


C^HtNO, 


C.H*N04 

C.H*NOsS 

c.h»n; 

C.H*N,0, 

CtH^NaO, 

C.H»N,04 

CJH»N,Oi 

CJI»N,0» 

G»HiN,0. 

C.H*N,0, 

C*H. 


CtH* 

C.H. 

C«H«BrN 

CVH.C1N 

C$H«Cl# 

C.HJN 

C*H*N,0 

c.h;n,o 

C*H»N,OS 

C.H.N,0, 

C,H.N,0, 

C.H.N,Oi 

lOi 

C.H.N,0, 

C.H.N,0, 

C^H^iStOzS 

C.H.N,0*S 

C.H.0 


Ultra-violet and Visible. — {Conlinited) 

Nitrosobenzene: EtOH (2*i 26 ) 

Nitrobenzene P H 2 O (*27); 

EtOH (2®» “«I <34, <« 6 ,t Hex- 

ane (* 37 ); PhNMe*, H 2 SO 4 (34); Vap. (340) 
p-Nitrosophenol: EtOH (-fNaOEt) (26, 282 j 
Picolinic acid (3**); HjO ( 394 ); Co salts (3**j; 
Fe salt: HtO ( 394 ) 

Nicotinic acid: v, p. 359 

O-Nitrophenol (<32, J 637, 638, 66 O); H 2 O (< 3 , 
266); EtOH ( 26 , 43 , 185, 386^); (-fNaOEt) 
( 26 , 43, 185); ligroin (43); Vap. (340); 
salt (6*0) 

m-Nitrophenol (286, f 432, j 637, 638); HjO, 
ligroin (43); EtOH ( + NaOEt) (26, 43) 
p-Nitrophenol (228, 386, f 432, J 637, 638, 660); 
H,0 (43, 255, 286); EtOH (26, 43, 77, 185, 
255); EtOH +alk. (26, 40,| 43, 185, 255); 
ligroin (<3, 2SS); Na salt (660) 

Citrazinic acid: HjO (14) 
m-Nitrobenzenesulfonic acid: H 1 SO 4 (34) 
Triazobenzene: v. p. 359 
p-Nitrobenzenenitrosoamine: CHCI* (247) 

p-Nitrobenzenediazonium hydroxide: EtaO, 
KOH (247) 

2, 4-Dinitroaniline: EtOH ( 477 ) 

3, S-Dinitroaniline: EtOH (21«) 

4, 6-Dinitro-3-aminophenol : EtOH (477) 
Picramic acid: EtOH, HCl, NaOH (453) 
Isopicramic acid: EtOH, HCl, NaOH (453) 
Benzene (132, f 191,^ 299, 300 , 386, 530 , 

892.3); p (486); EtOH (20, 271, | 274, f 286, 
338, 1 431, 1 443, j- 483.5, 486|); hexane (15*»t 

171, 604J); Vap. (120, 202, 271, 300, 483.5, 

488, 584, 599, 601, 606, J 658); cf. p. 359 

Dipropargyl: EtOH, Vap. (*00, 601) 

Dimethyldiacetylene ( 423 ) 

o(m, pt)-Bromoaniline: EtOH (H-acid), Vap.f 

(519) 

o(m, p)-Chloroaniline : EtOH (-1-acid) ( 28 ); 
Vap. (540) 

Hexachlorocyclohexane: EtOH, Vap. (524^) 
o(m, p)-Iodoaniline: EtOH, (-Hacid), Vap. 

(819) 

Benzenediazonium hydroxide, Ksalt (147); Na 

salt (247) 

Benzene-arUi-diazonium hydroxide, Na salt (247 ) 
Thionylphenylhydrazine: EtOH ( 334 ) 
o-Nitroaniline (386|); EtOH (90, 472, 640); 

(+Ha) (+NaOH) (90); Vap. (540) 
m-Nitroaniline: H,0 (286); EtOH (26, 43) 
P-Nitroaniline: H,0 (286); EtOH (26, 43, 90); 
HCl (26, 90); NaOH (»0) 

p-Benzoquinonedioxime, EtOH (282) 
a- Amino-^-pyridinecarboxylic acid : EtOH 

( 386 ) 

2 ( 2 , 3, 4, 5)-Nitro-4(5, 4, 3, 2 )-aminophenol: 
EtOH (477) 

Benzene-an/t(«yn)-diazo8ulfonic acids, K, Na 

salts: H,0 (147, 247) 

p-Sulfobenzene - aTUi{syn) - diazonium hydrox - 
ide, K, Na salts (147) 

Phenol (530, 636, 637, 642); p (351, { 540); 
HjO (2««» 350, 351, J 385, 636, | 638, 659, f 


Formula 

1 Name, 8f>lvent8 and literature 

CaHaO. — {Coni' d) 

660t); EtOH (27, 281, 351, J 384, 385, 638 ; 

CHCI 3 , ligroin (385); hexane ^352,+ 355,* 
370+); pentane, CCia (35* J); C.H,CH,OH 

(350); NaOn (27, 385, 386,638^; HCl f386. 
®36t): Vap. (161. t 351. 540, 658); cf. p. 3.59 

CaHflOa 

Catechol: P, Vap. (540); H 2 O (<27, 429|^^ 
EtOH (267); hexane (352+); cf. p. 359 

CaHaOj 

Quinol: HjO ( 228 , 427, 429^^ ; EtOH (267^; 
NaOH (27); hexane (352+;; V'ap. ( 288 , 540 
cf. p. 359 

CaHaOs 

Resorcinol: H 2 O (427, 429t); EtOH (267;; 
hexane (352 j); cf. p. 359 

CaHaOaS 

Benzenesulfinic acid and Na salt: EtOH (189 

CaHaOa 

Pvrogallol: HjO ( 281 , 286 , 290^; HCl, XaOH 

(290) 

CaHaO, 

Phloroglucinol: H 2 O (281, 290;; Et/J, NaOH, 
HCl (290) 


C 6 He 03 
CeHeOjS 

CeHdOa 

CdHdS 

CeHvBrN, 

CdHvN 

CeHyN 

CeHtN 

CeHrN 


CeHyNO 

CeHrNO 

CdHjNO 

CdHvNO, 

C^HtNiO, 

C,H7N,0, 

C,H7N,0, 

C.H7N,04 


CdH7N,06 

C.H, 

C«H, 

CeHs 

CeHsBrN 

CdHsClN 

CdHaClN 

CeH.ClN 

C*HsIN 

C.H.N, 

C«H,N, 

CdH,N, 

CeHsN, 

CdHdN, 

CdHsO, 


Benzenesulfonic acid ri 82 ,j 660 j; 

(IS2X) 

Aconitic acid (**4 EtOH p. 

359 

Phenylmercaptan; EtOH (i*i» 536j-^; XaOH, 
Vap. (161) 

p-Bromophenylhydrazfne: EtOH, HCl ('< 0 ^ 
a-Picoline (I4,t sos); p (sostj; EtOH l'3i2tj; 
Vap. (312,508) 

j3-Picoline (l4t); EtOH, Vap. (3l2f) 

PiColine (263); EtOH ( 262 ) 

Aniline ( 37 , j 38, j 53 O) ; p (Sio); H 2 O fzaet,; 
EtOH (20, 286, 386, -j- 395, 410, 486+^; heXc.ne 
(354J); HCl ( 20 , 386^); NaQEt Vap. 

(202, 358, 486, 510, 658); cf. p. 359 

m- Aminophenol ; EtOH, Vap. (5i9) 

p-AminophenoI: EtOH,* EtOH -f NaOH + 
NajSO,, HCl (2 7) 
a-Methyl-/?-pyridone (14) 

Pyrocinchonimide: HjO, EtOH (389) 
Nitro-TTi-phenylenediamine: EtOH ( 218 ) 
Nitro-p-phenylenediamine: EtOH (477) 
p-Nitrophenylhydrazine: EtOH (40) 
Dimethylvioluric acid: EtOH (-{-HCL 
(-1-KOEt) (-hLiOEt) (-f-NaOEt) ( 2 Si); Cs, 
K, Li, Na, Pb salts: phenol, benzene (251 ^ 
Dimethylnitrobarbituric acid; H:0, H:(S 04 
NaOH (255) 

Hexatriene (42, 423) 

A^-*-Cyclohexadiene'(663); Vap. (599, 60i^ 

A^-*-Cyclohexadiene (663) " 

Pyridine methobromide: EtOH (22 3) 

Pyridine methochloride: HjO (223, 228 , 241 
242); EtOH (223) 

Aniline hydrochloride (396) 
a-Picoline hydrochloride (506) 

Pyridine methiodide: HjO ( 228 , 242); EtOH, 
CHCla, CfiHiiOH (223, 228) 

Benzeneazomethane (247); EtOH ( 621 )- EtOH 

-I- CHCla (40) 

2, 5-Dimethylpyrazine: EtOH (2 79^ 
Phenylhydrazine; EtOH (40, HCl f40, 

o(m)-PhenyIenediamine (*< 2 ) 
p-Pheoylenediamine: EtOH (S21,64«;- Van 

(521) 

Dihydroresorcinol (i^®); Derivatives (27f. 
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Formula | Name, solvents and literature 


CflHgOa 

CeHgOj 

CeHgO* 

C6Hs04 

C6H*04 

CeHsOs 


CflHsOe 

CcHbOt 

CfiHgNjO, 

CsHgNjO, 

CeHio 

CeH.o 

CeHio 

CbHio 

CbHioCIN.O, 

CsH.oN, 

CbHioO 


CeH loO 
CbHioO 
C4H10O 

CbHioO, 

CeHioO* 

CaHioOj 

C*HioOj 


CeH loOjSj 

CsH loOjSj 

CeH 1 oO* 


CeHioOl 

Cefl.oOeS 

CiHioOe 


Ultra-violet and Visible. — {Coniinxied) 

' 1 , 4-Diketohexamethylene: EtOH (273*-|-) 

Dimethyldiketotetramethylene t); HiO, 
EtOH (370{) 

I Ethyl acetylglyoxylate (®®t) 

Ethyl diketobutyrate (®®t) 

Lactide: CHCU 

Dimethyl oxaloacetate: HjO, HCI, MeOH, 
EtOH, Et 20 , ligroin (237); salt: H 2 O, 

NazCOa, NaOCH, (237) 

Tricarballylic acid (5®4 EtOH (®07); cf. 
p. 359 

Citric acid (®®t) 

Histidine: v. p. 359 
Trimethyl isocyanurate: HjO (®®) 
Cyclohexene (592.3, 663); Vap. (®®®); 

EtOH (279, 599) 

2 , 4-Hexadiene: Vap. (®®7| ® 02 ) 

Diallyl: Vap. (®® 2 ); cf. p. 359 
at, a( 0 , 7 )-Dimethylbutadiene: Vap. (®® 2 )j 
cf. p. 359 

Histidine hydrochloride: 50% EtOH (®^®t) 

1 , 3, 5 (and 3, 4, 5)-Trimethylpyrazole (®®^) 
Mesityl oxide (®®»t ®7,j 68, j 69, j 1 76, 294, 
574J); H 2 O (264t); EtOH (82, 204,^ 5 39); 

hexane ( 20^4 573 J); MeOH, CaCU soln. 
(5731); Vap. (539); cf. p. 360 
Diethylketene: hexane (370, j 371 j); cf. p. 360 
Cyclohexanone (®®4 

Allylacetone (594 66, j 67, j 69{); EtOH, Vap. 

(639) 

Acetylmethylacetonic acid, vanadyl salt : EtOH 

(475) 

Ethyl crotonate ( 6 ®$); EtOH (252); h^O, 
hexane (2 9^t): c/. p. 360 

Methylacetylacetone (24, 69, j 176); HjO, hex- 
ane (204J); Eton (204, J 475, 478); c/. p. 360 
Acetonylacetone (59,J 62 ,j 66 j); KfOH (23, f 
609); alk. (609); cf. p. 360 
Diethyl dithiooxalate: EtOH (536) 

Xanthic thioanhydride: EtOH (252) 

Ethyl acetoacetate (22, 59, j 62, j 68, j 255^); 
P (220); H,0 (33, t 220, 228, 609); EtOH (24, 
33,f 220, 228, 478, 609); EtjO (228); hexanc 
(220, 228); ligroin (222); McOH (228); alk. 
(22, 24, 220, 228, 294, 385); HCI (22, 220, 

228 ); cf. p. 360; A1 derivatives: EtOH ( 22 ) 
^-Ethoxycrotonic acid and Na salt: EtOH 

(252) 

Diethyl thiooxalate: EtOH (S36) 

I Diethyl oxalate: P, ligroin (252) ; EtOH (252, 

S36j) 


C«HioOs 

CaH.oOi 

C.Hx.BrN,Oa 

C.HnNO, 


CbHiiNO, 

CbHuNO, 

C.H 11 NO 1 

c.h„no, 

C«Hia 


Dilactylic acid: CHCli (^34) 

I.actic anhydride: CHCI* (*3^) 

, Bromural: v. p. 360 

a, a-Methylnitrocyclopentane: EtOH (553, 

664) 

Nitrocyclohexane: EtOH, CHjONa (66 4) 
Nitroaoiflopropylacetone ( 228 ); HjO, EtOH 
(28) 

Cy clopentylnitromethane : EtOH, NaOEt 

(553) 

Ethyl ^aminocTotonate: EtOH, HCI (22) 

* Cyclohexane (*66); EtOH (*79) 


Formula 


CeH, a 
CbHu 
C eHijO 

CftHijO 


CJ«HiiO 


CbHijO 

CbHxxOS, 

CbHhO, 

CeH 12O1 
CeHijO* 

CeHnO* 

CeH.jOiS 

CeHijOj 

CeH„0« 

CeHijOa 

CflHijSi 

CeHuClN, 04 S 2 

CeH„NOi 

CeHuN, 

CbHmNjO, 

CeH,4N40i 

CeHuO 

CbHmO 

CeHuO, 

CeHuS, 

CeH.elS 

CeH 15N 

CeHuN 

CeH.eClN 

CTHiBr.N, 

C7H,Cl*NOa 

CxHaCbOa 

C7H4CIN, 

CTHiCljOaS 

CTHeCIaNO, 

CTHeOe 

CTHeBrNjOe 

CrHeBrO, 

CtHeBraO 

CrHaQO 

CtH.CIO 

C7H4C10, 

CjHeClOi 

CTHeClaN.O, 

CrHea. 

CtHsIOj 

C7H4N 

CtHbNO 

CtHjNO 

CrHeNOj 

C7H4NOI 


Name, solven ts and literature 
Hexylene: Vap. ( 600 ) 

Methylcyclopentane: EtOH ( 6 ® 6 ) 

Methyl butyl ketone (®®4 ®*4 P| HiO, 
EtOH, heptane, CHCli (®^6t) 

Methyl isobutyl ketone (®»4 «*4 ««4 
176. 294. 545J); p^ H,0, EtOH, heptane, 
CHQ, (5«t);</.p. 360 
Methyl tert.-butyl ketone (5®4 ®*4 666»t 

601)1 EtOH (546, 1 609); CHCI,, heptane 

(546t) 

Ethyl propyl ketone (594 ^^4 P, HiO, 

EtOH, heptane, CHCh (5^6|) 

Ethyl ethylthiolthioacetate: EtOH (539 1 ) 
Butyl acetate ( 54 , j 55 , j 56, j 57 j) 

Ethyl butyrate (55, J 57, j 60 |) 

Propyl propionate ( 6 OJ) 

Methyl valerate (55,J 57, j 60 j) 

Ethyl ethylthiolacetate: EtOH (*36 -j-) 
Paraldehyde (S 34 ,-|- 571); cf. p. 360 
Levulose: HjO (532) 

Dextrose (265, f 594 ); HaO (532) 
Trithioacetaldehyde (534|) 

Cystine hydrochloride: 50% EtOH ( 6 < 9 J) 
Leucine (5»4f); cf. p. 360 
^( 7 )-Dimethylpipera 2 ine: EtOH,t Vap. (520) 
Lysine: v. p. 360 
Arginine: v. p. 360 
Hexyl alcohol (^38) 

Methyl n-amyl ether (592.3) 

Acetal (534|) 

5-DiethyIthioethane: EtOH (536) 
Triethylsulfonium iodide: CHCU, EtOH (2 42) 
Triethylamine (63, J 395 |) 

Dipropylamine (63 1) 

Triethylamine hydrochloride (395 j) 
Tribromobenzene-an^ i( 8 y n)-diazonium 
cyanide: EtjO (247) 

Quinolinyl chloride: EtaO (578) 
Trichlorotoluquinone: EtOH (610) 
p-Chlorobenzenediazonium cyanide (1^7) 
o-Sulfobenzoic acid dichloridp: EtaO (*78) 
Methyl 2, 3, 4-trichloropicoUnic acid (506) 
Chelidonic acid, Na salts: HaO ( 2 i) 
Phenylbromodinitromethane: EtOH (i®*) 
p-Bromobenzoio acid and Na salt: EtOH, 
NaOH (317) 

Tribromophenyl methyl ether: EtOH, HCI 

(406) 

Benzoyl chloride: EtOH (S23) 

o(» 7 i, p)-ChlorobenzaIdehyde : EtOH, Vap. 

(523) 

o(m)-Chlorobeu 2 oic acid (*27); EtOH (*76) 
p-Chlorobenzoic acid (527) 

3, 5-Dichloro-4-hydroxybenzeneazofonnamide: 

EtOH, NaOH (2 93) 

Benzotrichloride (642) 
o(^t p)-Iodoben 2 oio acid (527) 

Benzonitrile (*», 374 530); EtOH (»*«): Vap. 

(524, 624) 

Phenyl isocyanate: hexane (*70,| 37 i j) 
Anthranil: EtOH, EtaO, hexane (575) 
o-Oxycarbanil f^79j); EtOH (283) 
o(m, p)-NitrobenzaIdchyde (640); EtOH, Vap. 

(540) 
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Formula | Name, solvents and literature 


CtH»NO,S 

CtHsNO* 

CrHiNO* 

C7H.NO4 

C7H*N04 

C7H4N,07 

C 7 H 4 N 4 O 4 

C7H«C1N0, 

C7H4CIN iOi 

C7H.Ch 

C7H.N, 

C7H4N7O, 

C7H4N,04 

C7H4N,04 

C7H4N4O, 

CTH4N4O4 

C 7 H 4 N 4 O 7 

C7H4O 


C7H,08 

CjHeOi 


C 7 H 40 , 

CrHeO, 


C7H4O, 


CTH 4 O 4 

C7H40a 

C7H40a 

C7H4O1 

C7H4O48 

CiHTBr 

C7H7BrO 

CrKra 

CvHrCl 

C7H7CI 


Ultra-violet and Visible. — (CorUinued) 

I Saccharin; HjO 

Quinolinic acid; H,0 EtOH (2«2, 878); 

cf. p. 360 

Lutidinic acid (28*) 
o(m)-Nitrobenzoic acid (8*7) 
p-Nitrobenzoic acid (8*7); EtOH, NaOH (3*7) 
2, 4, 6-Trinitroanisole: EtOH (34, 86); various 
solus. (34) 

Picr>'lmetbylnitroamine: EtOH, KOH (i®®) 
Chlorotoluquinone oxime : EtOH (* * 7) ; k salt : 
EtOH + KOH (217) 

3-Chloro-4-hydroxybenzeneazoformamide : Et- 
OH, EtOH -I- NaOH (293) 

Benzylidine chloride ( 8 ‘* 2 ); EtOH, Vap. (523) 
Phenyldiazomethane: v, p. 360 
p-Nitro-an/i(5yn)-benzaIdoxime: EtOH ( 80 , 
217); NaOEt ( 80 ) 

Phenyldinitromethane; EtOH, CHCU (259, 
291); K salt; H 2 O (198, 259, 291) 

o(m, p)-NitrophenyInitromethane ; EtOH, 
CHCl, (291); K salt: H 2 O (29i) 

3, 5-Dinitro-p-tolylnitrosoamme; EtOH (47i, 

472) 

Picrylmethylamide; EtOH, KOH (i®®) 

2, 3, 5-Trinitroammoanisole (^®3) 
Benzaldehyde (37, J 38, j 66, j 534 , 637); EtOH 
(20, 640, 604,J 636|); EtOH, HCl, CHCl, 
(®36t); Vap. (540, 624); cf. p. 360 
Thiobenzoic acid: HjO, EtOH (252); Hg, K 
salts: EtOH (252) 

o-Hydroxj'benzaldehyde (38,J ®37); EtOH 
(39, t 523, 634, 636, | 638); HjO, HCl, CHCl, 
(83®!); NaOEt (634); Vap, (523) 
m-Hydroxybenzaldehyde (63®, 638); HsO, HCl 
(636t); EtOH (523, ‘636f); Vap. (523) 
p-Hydroxybenzaldehyde (636, 638); HjO, HCl 
(636); EtOH (523, 634, 636); NaOEt (634); 
Vap. (523) 

Benzoic acid ( 182 , { 527, 645.5t); HjO ( 286 ); 

EtOH (136, 238, 285, 317, 384, 457); hexane 

(95, J 96, J 606 J); H,S 04 (238); NaOH (317); 
Vap. ('624) ;c/. p. 360; Ag, K salts: HjO ( 28 S); 
Na salts: HjO (I 82 ,t 659f) 

Toluquinone (36); EtOH (409, 410); Vap. 
(881); cf. p. 360 

Salicylic acid; H,0 ( 1«24 286 , 427, 429, 659t); 
EtOH (267, 384, 386); hexane -f- EtjO (96j); 
Na salt: H,0 ( 182 ,$ 659,$ 660 $); EtOH (3«6); 
cf. p. 360 

m-Hydroxybenzoic acid: HiO (4*7, 429); EtOH 
(267, 386); hexane -h Et*0 (»6$); cf. p. 360 
p-Hydroxybenzoic acid: H 2 O (*86, 427, 429); 
EtOH, (267, 386); hexane EtjO (96t); cf. 
p. 360; Na salt ( 660 $); EtOH (366) 

o-Sulfobenzoic acid: EtOH (578)* NH 4 salt: 
H,0 (1*4) 

o(m)-Bromotoluene: P, EtOH, Vap. (815) 
p-Bromoanisole: EtOH, Vap. (* 26 ) 

Benzyl chloride («42); EtOH, Vap. (5*4) 
o-Chlorotoluene (17, 386$); p $ Vap (815)* 
EtOH (28, 818$) ' 


m-Chlorotoluene ( 17 ); p $ Vap. (818); EtOH 

( 28 , 818 $) 


Formula 

C7H7CI 

C7H7CIS 

C7H7ChN07S 

C7H7I 

C7H7NO 

C7H7NO 

C7H7NO 

C7H7NO 


C,H7NOi 

C7H7NO, 

C7H7NO, 

C7H7NO, 

C7H7NO, 

C7H7NO, 

C7H7NO, 

C7H7NS 

C7H7N,0 

C 7 H 7 N, 0 , 

C 7 H 7 N, 0 , 

C 7 H 7 N, 0 , 

CtHtN.Oi 

C7H7N,04 

C7H7N,04 

C7H7N,04 

C7HS 


C 7 H 8 C 1 N 

C 7 H 4 C 1 N 02 S 

C-HsNj 

C 7 H 4 N 20 

C 7 H 4 N 20 

CtHsNjOS 

CtHsNjO, 

CrH.NtO, 

C7HsN,04S 

C7H»N40, 

C7H*N40, 

CjHsO 

CzHaO 


C7H,0 

CtHsO 

CtHsO 


Name, solvents and literature 


642)* 



p-Chlorotoluene (*7, 386$); EtOH (28) 
p-Chlorobenzylmercaptan : ligroin (212J) 
Toluene-p-sulfonedichloramide: EtOH (*99) 
■o(m)-Iodotoluene: P,t EtOH,$ Vap. (517; | 

Benzamide: EtOH (285) ^ 

o-Aminobenzaldehyde: EtOH, EtOH + HCl | 

(30) 

p-Aminobenzaldehyde: EtOH (30, 5I9); Et- 
OH -f HCl (30); Vap. (519; 
an/i(5yn)-Benzaldoxime (637, 639, 

EtOH (80, 523); NaOEt (8O); Et^O 
Vap. (523) 

0(^1 p)-Nitrotoluene: Vap. (540;; EtOH (43, 

637) 

Phenylnitromethane (**8, 664); EtOH, EtjO, 
MeOEt (255) 

o(m, p)-Aminobenzoic acid (^28$); (429) 

«>-Nitroanisole (540, 637); EtOH (26, 32, 43); 

HjSOi (32); ligroin (63); Vap. (540) 
m-Nitroanisole (637) 

p-Nitroanisole (26,637); EtOH ( 26 , 32); HjS 04 
(32); Vap. (540) 

Nitro-p-cresol : EtOH (-fNa'bEt) (43) 
Thiobenzamide: HjO (252) 

Phenylazocarbamide (247) 
Quinonemonosemicarbazone: EtOH (-|-NaOH) 

(293) 

p-Nitrobenzenemethylnitrosoamine : EtOH 

(247) 

p-Nitrobenzenediazonium hydroxide methyl 
ether (247) 

2, 4-DinitromethylaniUne : EtOH (477) 
Dinitro-o(m)-toluidine: EtOH (477) 

2(3), 6(5)-JC>initro-p-toluidme: EtOH (472) 

2, 6-Dinitro-4-aminoanisole: EtOH, HCl (453) 
Toluene (30, $ 37,$ 133, 202,$ 530, 642); p 
(486, 515$); EtOH (386,$ 443,$ 483.5, 486); 
hexane (353,$ 3S5$); Vap. (111, 202, 271, 
483.5, 486, 647, 658); cf. p. 360 

Chlorolutidine (504) 

Toluene-p-sulfonechloramide: EtOH (199) 
Formaldehyde phenj’lhydrazone: EtOH (40) 
o-Aminobenzaldoxime: EtOH -j- HCl (30) 
Phenylmethylnitrosoamine (147); EtOH (25) 
Thionylmethylphen.vlhydrazine: EtOH (334) 
3-Nitro-p-toluidine: EtOH (43) 

Nitrotoluidine (9 forms): EtOH (477) 

Nit rotoluene-p-sulfonamide : EtOH ( -f NaOEt) 

(199) 

Theobromine (129, $ 269$); cf. p. 360 

Theophylline (*29$); cf. p. 360 

Benzyl alcohol (2o,$ 37,$ 642); HaO, C.H.OH 
(350); Vap. (524, 624) 

Anisole (20, 37,$ 150,$ 636$); EtOH (27, 32, 

386,$ 526$); H,S04 (32); CHCl, (537); Vap 
(526.$ 537) 

o-Cresol (660$); p^$ Vap. (540); EtOH (27, 

220, 267); alk. (*7, 220); hexane (355$); cf. 
p. 360; Na salt: H*0 (660$) ^ 

m-Cresol; EtOH (*67); (4.NaOH) (*7); Vap. 

(*60); cf. p. 360 

p-Cresol (660$); pj Vap. (540); eIOH (*t, 

*®^); ( + NaOH) (27); hexant '355$); <./. n. 

360; Na salt: HiO ( 660 $) 


*z. 








i 


it 


Si: 
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C7H.OS 


Ultra-violet and Visible. — {Continued) 

Ketothiodimethylpyrone; EtOH, EtaO, H2SO4 

(241) 


CaHaOa 

CaHaOj 

CaHaOa 

CtHsOj 

CrHaOaS 

CaH.OaS 

C7H.O4S 

C:H»N 

C7H9N 


Dimethylpyrone (76)j EtOH ( 21 , 76, 241). 
NaOH, HCl (21) 

Guaiacol; P,t Vap. (540); HjO (636, f 638, 
660 f); EtOH (27. 636, f 638); (-|-NaOH) ( 27 ) 

Resorcinol monomethvl ether (27 f)- HjO 
EtOH (636f) 

Hydroquinol methyl ether (27f) 
Phenylmethylsulfone: EtOH (iso) 
Tolueno-o-sulfonic acid: HjO (528) 
Hydroxybenzylsulfonic acid: EtOH (523 f) 
Benzylaniine (642); EtOH, Vap. (SiO) 
o-Toluidinc (386|); Vap, (5i0); EtOH 
(263 1); EtOH -f- acid (28); hexane (254J); 
c/. p. 360 


C7H9N 

C7H9N 

C7H9N 

C7H9N 

CtH.N 

C7H9NO 

CtH.NO 

CtH.NOjS 

CtHsNiOi 

CrH.oBrNO* 

C7H loBr 20 * 

CtHioCIN 

CtH.oCIN 

CtHioINO 

C7H10N lOj 


m-Toluidine (386|); p^ Vap. (Sio); EtOH 
(d-acid) ( 28 ); cf. p. 360 
P-Toluidinc (507); ^cid ( 28 . 263f); hexane 
cf. p. 360 

Methylaniline: P. Vap. (Sio); EtOH ( 20 ) 

2, 4-Lutidine: Vap. (SOS) 

2, 6-Lutidine (14); Vap. (508) 

7-Lutidone: EtOH (-fHCI) (H-NaOEt) (14) 
o(p)-Anisidine: EtOH (-fHCI) (27, 386|); 
Vap. (526) 

p-Toluenesulfoneamide: EtOH (i®®) 

4-Nitro-2, 5-toIylenediamine: EtOH (477) 
Diethyl broinonitromalonate: EtOH (198, 255) 
Diethyl dibromomalonate; EtOH (i®®) 
o(p)-Toluidine hydrochloride: EtOH (2«3) 

2, 6-Lutidine hydrochloride (14) 

Pyridonium ethiodide: HjO, CHCIj (242) 

Methylaminomethylmaleinmethylimide: 


C7H10N 2O* 
CtHioOi 
CrHioOeS 
C7HiiBr04 

CtHmCIO* 

CtHuN 

C 7 H„N 0 . 

CtHhNO. 

CrHiaO 

CtH.iO 

CtHuO 

C7H.707 

C 7 H 1207 S 1 

C7HI20, 

CtHijOi 

CtHijO* 

CTHiiBrNjO, 

C:H„NO, 


CtH uNOj 

CtHuN.O 

CtHu 

C 7 HMO 

CtHuO 

CtHj^O 

C%Hi40 


EtOH, HCl (389) 

Diethyl diazomalonate: v. p. 360 
Diacetylacetone: H 2 O, EtOH, alk. ( 21 ) 
Dimethylpyrone sulfate; H 1 SO 4 (24i) 

Diethyl bromomalonate: EtOH (i®*) 

Diethyl chloromalonate: EtOH (i®*) 

I, 2, 5-Trimethylpyrrole (362) 

Diethyl isonitrosomalonate: EtOH (-falk.) (3i) 
Diethyl nitromalonate; EtOH (168,255); HiO, 
n,S 04 , CH,OH, CHCli, EtaO (258) 
Suberone: v. p. 360 
o(p)-Methylcyclohexanone (2®4) 
m-Methyicyclohexanone (i^6» 294) 
Dimethylacetylacetone ( 1 ^ 6 ) 

Diethyl dithiomalonate; EtOH (536|) 

Ethyl methvlacetoacetate: EtOH, hexane, 
NaOEt, H:0 ( 220 ) 

Ethyl levulinatc (66, J 67,j 68j); EtOH («09) 
Quinic acid' v. p. 360 
Adaline: v. p. 360 

Piperidylacetic acid (298, f 398j); Cu gait: 
EtOH (391) 

at, o-Methylnitrocyclohexane: EtOH (6«4) 
a, ^Mesityl semicarbazone (656) 
Methylcyclohexane: EtOH (6*4) 

Methyl amyl ketone (i^®) 

Dipropyl ketone (89, J 62 , j 176, 294 , 545|) 

I Diisopropyl ketone (294, 545j) 

I Ethyl Lsobutyl ketone (176, 545j) 


Formula 


C 7 H 14 O 2 
C 7 H, 40 , 
C7Hi#0 
CtHisOi 

C 8 H 4 C 1 J 01 

C,H4Cl70, 
C 8 H 40 J 
CsHsNOa 

CaHeNO, 

CsHsNOi 

CsHsNO, 
CsHsNO, 
CsHa 

CsHbNjOj 

CaHeNjO, 
CsH.NjO, 
CsH.NjO, 

C8H4N4O, 
C«H 4 N 40 « 

CgH^O, 

CgHeOi 

C^HaO, 

C.HsO* 

C,H 404 
C 8 He 04 

C8H40* 

C^H^O. 
c,H 7 a 
CsHtQS, 

C8H7N 

C8H7N 

CsHtN 

C8H7N 

C^HrNO 

C4H7NO 

CsHjNO 

C8H;N0, 

C,H 7 NOa 

CsHtNO, 

C,H 7 N 04 

C*HtN,0 

C^HtNsO, 

CsHjNaO, 

C^HtNiO* 


Name, solventa and literature 


Propyl butyrate (®®t) 

Amyl acetate: P, ligroin, EtOH (***) 

Heptyl alcohol (438|) 

Ethyl orthoformate and salts (*40, sii). g 
salt: HiO (252) ' 

Phthalyl chloride: EtiO, hexane (577) 

p-Dichlorodioxyterephthalic acid: HiO, EtOH. 

EtaO, HCl (236) 

Phthalic anhydride: EtOH (2®5); AcOH 

HaS04 (500) 

Isatin (36, 1 479,J 648J); EtOH (275); variouB 
solvents (435 j) 

o(m)-Cyanobenzoic acid: EtOH, NaOEt (576) 
Phthalimide (556t); EtOH (284, soo). HtSOi 

(500) * * 

Anthroxanic acid: EtOH, EtaO, HCl (57S) 
Phthaloxime (soo) 

Phenylacetylene (423, 619); EtOH (3*5) 

p-Nitrobenzyl cyanide and K, Na salts: EtOH 
(405); K, Na salts: EtOH, MeOH (408) 
p-Nitrophenylacetonitrile: EtOH, NsOH (3I7) 
Nitrosophthalimide: EtOH, NaOEt (500) 
Phenylcyanonitromethane: EtOH (255); Na 

salt: HaO (285) 

Alloxantin: HaO ( 26 ® f) 

2, 3, 5-Trinitro-4-acetylaminophenoI: EtOH 

(+alk.) C^ss) 

o(mj p)-Phthalic aldehyde (640); EtOH, Vap. 

(523) 

Phthalide (386); EtOH, HaS 04 , NaOH ( 800 ) 
Piperonal: EtOH, Vap. (833) 

Phthalic acid C®®®!); HaO (284, 286 , 429); 
EtOH, HaSO* (500) 

Isophthalic acid: HaO (82»); EtOH (2«4); K 
salt: HaO (284) 

Terephthalic acid (2*4); HaO (429); k salt 

(284) 

Piperonylic acid (2«7); EtOH (I40, 833); Vap. 

(533) 

Dihydroxyterephthalic acid: MeOH (* 2 ®) 
at(w)-ChIoro8tyrene: EtOH (2®*) 
p-Chlorobenzyltrithiocarbonic acid: ligroin 
( 212 ); Ksalt: H ,0 (212) 

Indole (64«t); hexane (I7lt); v. p..360 
Phenylacetonitrile (27|); EtOH (*17, 524); 

NaOH (317); Vap. (824) 
o(p)-ToIunitrile (386f); EtOH ( 28 , 524); Vap. 

(524) 

m-Tolunitrile: EtOH (25, 524); Vap. (824) 
Phthalimidine: EtOH, HjSOi (»oo) 
Mandelonitrile: EtOH (823f) 

Methylanthranil: HaO, HCl (-f EtOH), EttO, 
hexane (578) 

a, ^Dioxindol (®4*t) 

w-Nitrostyrene; EtOH ( 28 ) . 

p-Nitrophenylacetic acid: EtOH (-f NaOH) 

(317) 

o(p)- Acetoxynitrobeniene (®2 7) 
Ani8ole-arUi(8yn)>diazonium cyanide (i®^)* 

HjO -f HCN (247) 

3, 4, 5(6)-Trinitro-o-xyIene: EtOH (4*) 

3, 5-Dinitro-4>anunopbenyI acetate: EtOH 
(-fKOH) (484) 

I 3, 5>I>initro*4-acety]aminophenol: EtOH ( 4 * 4 ) 
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Formula 


C#H 


CsHtBrNsOs 


CsHgClNO 

CbHbCINO 

CbHbCINO 

CpH.N,0, 

CbHbNbO, 


C^HbN,04 

CsIIgN]04 

CgH.NjOg 

C,HsN406 


CgHiNgOg 


CgHgNgOg 

CbHbO 


CsHaO 

CsHgOa 

CgHgOi 

CgHgOs 


CbHbO, 

CsHgO, 

CsHgOs 


C.H.O, 


CiHbO, 


CeHsO, 


CgH|Oi 

CJIgO, 

CsHgO, 


CsHbO] 

CbHbOb 


CbHbO, 

C«H.04 

CbHb04 

CbH.04 

CbHbOb 


CgHgBrN, 


CsHgBrO 

C.HbFO 

CsHbNO 

CbHbNO 

CbHbNO 


CbH.NO 


CbH.NO, 

CbHbNO* 


C,HbNO« 


Name» solventa and literature 


Ultra-violet and Visible. — {Continued) 

Styrene: EtOH (2*. 383, 384, 386, 393 , 423, 

619) 

5-Bromo-4-hydroxy-m-toluenea2oformamide: 
EtOH (H-NaOH) (293) 
Acetylchloroaminobenzene: HjO (497.5) 
Chloroacetanilide: EtOH (*®®) 
p-Chloroacetanilide (497.5) 

Nitrosoacetanilide : EtgO (2 47) 
p-Nitrobenzaldoxime methyl ether (Jour 
forms) : EtOH (*0) 

3, 4(5)-Diiiitro-o-xylene: EtOH (43) 

4, 5-Dmitro-o-xylene: EtOH (43) 

2, 4-Dinitrophenetole: HjO (*®) 

2, 5-Dinitro-p-tolylmethylnitro8oamine: 

EtOH (471, 472) 

3, 5-Dinitro-p-tolylmethylnitroamine: EtOH 

(471, 472) 

Murexide: H 2 O (269, -j- 402 ) 

Acetophenone (37, J 66, j 540 , 636, 637, 642); 

EtOH (20); CHCl, (392) 
o(m, p)-Toluic aldehyde: EtOH, Vap. (523) 
Methyl benzoate; EtOH (**9) 

Phenyl acetate (76, 636-|-) 

Phenylacetic acid ( 20 , 37, j 827); HiO (659f); 
cf. p. 360; Na salt: EtOH + NaOH (3i7, 

386); H 2 O (386, 6S9|) 
o(m, p)-Toluic acid (487, 527) 
m-Toluic acid (487) 

p-Xyloquinone (36); EtOH (409, 410); Vap. 

(531) 

o-Methoxybenzaldehyde (636, -j- 637); EtOH 
(634, 636); Eton + HCI (636 

m-Methoxybenzaldehyde: EtOH (+HC1) 
(636t) 

p-Methoxybenzaldehyde: EtOH (523, 634, 
(+HC1) (636t) 

Mandelic acid (527); EtOH (386) 

Piperonyl alcohol: EtOH, Vap. (533) 

Vanillin; EtOH (523, 606j); HjO, EtsO ( 606 j); 
hexane («04,{ 606 t); Vap. (523); cf. p. 360 
Methyl o-hydroxybenzoate: EtOH (386) 
o(p)-Methoxybenzoic acid and Na salts: EtOH 

(386) 

Phenoxyacetic acid: EtOH (H-NaOEt) (386 1 ) 
Dehydracetic acid: EtOH (d-NaOEt) ( 21 ) 
Iflodehydracetic acid: EtOH ( 21 ) 
Dimethylpyronecarboxylic acid: EtOH ( 21 ) 
Hematinic acid anhydride (48 ij); Et-^O 
cf. p. 360 

Acetaldehyde p-bromophenylhvdrazone : 

EtOH (40) 

p-Bromophenetole; Vap. (526) 
p-Fluorophenetole; EtOH, Vap. (526) 
Acetanilide (J99, 64i); EtOH (43, ii9) 

Acetophenoneoxime: EtOH (H9) 
o(p)-Aininoacetophenone: EtOH (d-HCl) 

(30) 

Benz-an/i-aldoxime A'(0)-inethyI ether: EtOH 
(80) 

Methylanthranilic acid: EtOH (395) 
Anilinoacetic acid: EtOH (391). Cu, Na salts: 

H, 0(391) 

3(4)-Nitro-o-xylene: EtOH, lif^in (43) 


Formula 


CbHbNO, 


CbH.NO, 

CbH.NO, 

CbH.NO, 


(523, 634, 


CbH.NOb 

CbH.NO, 

CbH.NS 

CsH.NaO, 


CbH.N.O, 


CbH.N,04 

CbHbNbO* 


CbH.NsO, 

CgH.N,04 

CsH.NjO, 

CbH.NsOb 

CeH.NaO, 

CbHio 


CbH 


s-rxio 


CbHio 

CsHioBrClOs 


CgHioBraOj 


(d-HCl) CsHioBrjO, 


CbHioCIN 

CbHioCIjO, 


CbHioN, 


CbHioN, 

CbHioN^O 

CsHioNaOj 

CgHioN202 

CgHioNjO, 

CgHioNgOs 

CbHioO 

CbHioO 

CbHioO 


CbH.oO 

CbHioO* 

CgHioO* 


CbHioO, 


CgHioO, 


CgHioO, 
CgH 10O4 
CgHiiBrO, 


CsHiiClO, 


Name, solvents and literature 


Phenylaminoacetic acid and K salt: EtOH 

(386) 

o(m, p)-Nitrophenetole: EtOH, ligroin (43) 

Nitrq-p-cresetole: EtOH (43) 

Nitroquinol dimethyl ether: H,0, hexane 

(254); EtOH (32, 43); aniline, pyridine, 

ligroin, CoH« (43); CHCl, (43, 254); HSO , 
(32) 

Hematinic acid imide: EtjO (>7iJ); cf. p. 360 
Ethyl citrazinate: EtOH (-fNaOEt) (*4) 
Thioacetanilide and Na salt (445) 

4- Hydroxy-m-tolueneazofonnamide: EtOH 
■ ( + NaOH) (293) 

2-Nitro-4-acetyl-p-phenylenediamine: EtOH 

(477) 

3, 4-Dinitro-5-amino-o-xylene: EtOH (472) 

3, 5-Dinitro-4(6)-amino-o-xylene (477); EtOH 

(472) 

4(6), 5-Dinitro-3-amino-o-xylene: EtOH (472) 

2, 4-Dinitrodimethylaniline: EtOH (218, 477) 

3, 4-Dinitrodimethylaniline: EtOH ( 218 ) 

2, 3-Dinitromethyl-p-toluidine: EtOH (471) 

3, 5-Dinitromethyl-p-toluidine (472) 

o(m, p)-Xylene (37^); EtOH (27, 133, 263, f 
379, 486); hexanC (353J); Vap. (202, 1 271, 
469, 486); cf. p. 360 

Ethylbenzene (20, 386, 423); EtOH (286, 

486, f 619, 651|); Vap. (202, 271, 486, 651) 

Dimethylfulvene: Vap. (602) 

4- Bromo-4-chloro-l, l-dimethyIcyclohexan-3, 

5- dione: EtOH (19») 

Dibromothymoquinone; EtOH (610)* Vap 

(531) 

4-Dibromo-l, l-dimethylcyclohexan-3, 

5-dione: EtOH (199) 
ot-ChlorocoIlidine (504, 535 1 ) 

4-Dichloro-l, l-dimethylcyclohexan-3, 

5- dione; EtOH (*99) 

Acetaldehyde phenylhydrazone: EtOH (40, 
820); AcOH (40) 

Benzeneazoethane: EtOH (247, 620, 621) 
Nitrosodimethylaniline: EtOH (2 68) 

3- NitromethyI-p-toluidine: EtOH (43, 472) 
5(6)-Nitro-4-amino-m^xylene: EtOH (477) 
m(p)-Nitrodimethylaniiine: EtOH (43) 

Caffeine (*29f); H.O (264, 269j); cf. p. 360 
o(m)-Cre3ol methyl ether: EtOH (27) 

Phenetole (20); EtOH (27, 526); Vap. (526) 
m, 4^Xylenol: EtOH (d-NaOEt) (385, 533). 

Vap. (533) 

p-Xylenol: EtOH (d-NaOEt) (38S) 

4- Hydroxy-3-methoxytoIuene (137) 

Quinol dimethyl ether (32); EtOH (27,-'«S8). 
H 2 SO 4 (27) 

Resorcinol dimethyl ether (27, | 636). EtOH 
H2S04 (32) 

o-Dimethoxybenzene (Veratrole) (2 7 1 ) ; 

hexane (664, j 6O6+); cf. p. 360 
Triacetic lactone ethyl ether; EtOH ( 21 , 

Diethyl acetylenedicarboxylate (5«J) 

4-Bromo-l, 1-dim ,thylcyciohexan-3, 

5- <iione: EtOH <i99) 

4-ChIoro-l, 1-d inethyIcycIohexan-3, S-d'o 'e* 
EtOH, NaOEt (199) 






f 


» f 


f 
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CsH.iClO, 

CsHuClOtS 

CsHi.CIOb 

C,H„C10e 

CsH 1 1 IO 2 
CsHnN 

CsHuN 

CsHuN 

CaH^N 

CbHmN 

CsHmN 

CaHuNO 

CsHnNO 

CaHuNO, 

CaHnClN 

CiH.iClN 

CbH„N,0, 

CaHijNa 

CiHiiOj 

C.H„Ot 

CaHijOj 

CiHiaOa 

CaHnOj 


CsHuNO 

C,H„NO, 

C,H„NO« 

CsHi.NOa 

CsHuBrjOj 

CsH.^O 

CjHiaO 

CgHuOjSj 

C 8 H 14 O 2 S 1 

CsHmO, 

CsHmOj 


C.HuO, 

CaHiaNO 
C*H leO 

CJIieO 

C,Hi,N 

CsH„ 

CsHisO 

CaH .,0 

CaHjoIP 


Name, solvents and lite rature 
Ultra-violet and Visib!e.~(Coniinuerf) 

Trimethylpyroxonium perchlorate: HjSOi 

(241) 

E)imethyl-2, 6-mercapto-4-pyroxonium per- 
chlorate: HjS 04 (241) 

Met}to\y-4-(iiniethyl-2, 6-pyroxonium per- 
chlorate: HaSO* (241) 

E)imcthylmethox>’pvroxonium perchlorate: 

HiSO^ (242) 

Dimethylmethoxypyroxonium iodide: HaO 

CHCla (242) 

3- o-XyHdine: P, EtOH, Vnp. (SiO) 
2-m-Xylidine: P, EtOH, Vap. (SiO) 

4- m-Xylidine (507) 

Collidine (5®^> 535)j Vap. (SOS) 

Ethylaniline (27J); p, EtOH, Vap. (SiO) 
Dimethylaniline (386); Vap. (SlO); EtOH 

(20, 364) 

oCp)-Phenetidine: EtOH, Vap. (526) 
m-Dimethylaminophenol; EtOH, Vap. (519) 
Isonitrosodimethyldihydroreaorcmol, and Na 
salt: EtOH (400) 

Dimethylaniline hydrochloride: EtOH (384) 

Collidine hydrochloride (5®^) 

Veronal: v. p. 360 

Azoisobutyronitrile (247) 

Dimethyldihydroresorcinol:EtOH (4-alk.) (27) 

1, l-Dimethylcyclohexan-3, 5-dione (*^8); 

EtOH (+NaOEt) (>99) 

Ethyl ^i-acetylcrotonate: HtO, hexane (294j) 

Ethyl acetoacetvlacetatc: EtOH (d-NaOEt) 
( 21 ) 

Ethyl oxaloacetate: EtOH (H-alk.) (23f); 
hexane, NaOH (370,j 371 j); Na salt: HjO + 
NajCOa. CHCl, (237) 

Tropinone: v. p. 360 

Aminodimethyldihydroresorcinol : EtOH (27) 
Diethyl nitroisosuccinate; EtOH (>®8) 

Diethyl nitromethylmalonate; EtOH, CHCL 

(255) 

Ethyl ^-ethoxverotonate dibromide: EtOH 

(235) 

Methylheptenone (®8»t 87, j 176, 294); cf. 
p. 360 

Dipropylketene: hexane (370,j 37ij) 

Dipropyl dithiooxalate: EtOH (536) 

Diethyl dithiosuccinate: EtOH (536 1 ) 

Ethvl ethvlacetoacetate (*®»t 88j); EtOH ( 22 , 

59^) 

Ethyl ^thoxycrotonate ( 22 , 228 , 255f); HjO, 
hexane. NaOEt ( 220 ); EtOH ( 220 , 226 , 235 . 

385); cf. p. 360 

Ethyl dimethylacetoacetate ( 228 ); EtOH ( 220 , 
226, 235); hexane ( 22 O) 

Tropine: v. p. 360 

Methyl hexyl ketone (*®»t 82 ,j 294 , 545j); 

EtOH (809) 

Pentamethylacetone (294) 

Coniine: P, EtOH, Vap. (509) 

Octane ( 286 |) 
n-Octyl alcohol (428|) 

Isooctyl alcohol (281 f) 

Tetraethylphosphonium iodide: H*0, EtOH, 
CHClj, amyl alcehol (*42) 


Formula 


C.H^BrN^O, 


Name, solvents and literature 


C^HsBrjNO 

CjHsNaOio 

CgHcOa 

C9H7CIN, 

C^HtCINsO 

C.HtN 


C.HtN 


C 9 H 7 NO 

CBH 7 NO 

CgHyNO 

C,H7N0 

CbHtNO, 

CbHtNO, 

CbHtNO, 

C,H7NOb 

CBH 7 N 01 

C,H7N04 

C,H*C1N 

CbHsCIbN, 

C,H,N, 

CbH^NiO 

CbHsNjO 

C.HsNjO, 

CbHsN^Os 

CbH8N40s 

CbHbO 

C.HbO, 

C.HaO, 


CbHsOj 

CbH80, 

CtHgOi 

c*h,o, 

C.HsO, 

C,H|N 

C.H,NO, 

C.H,NO, 

C.H.NO* 

C,H,NO« 

C,H.N,0 

C,H.N,0, 

C.Hi„ 

CfHioNjO 

C,H„N<0, 


p-BromophenyloximidooxazoIone: EtiO (*43); 

metallic salts: CHCI,, CiH»N, PhOH (*42)1 

Ba, Cs, K, Li, Na, NH4, Rb salts: EtOAc 4* 
MejCO (243) 

5, 7-Dibromo-8-hydroxyquinoline: EtOH 
(+NaOH) (158) 

Trinitrophenylmalonic acid, K salt: HiO, 

EtOH (249) 

Phenylpropiolic acid (423, 527); EtOH (**«» 

607, 619) 

3-PhenyI-5-chIoropyrazole (554) 
l-PhenyI-3-chIoropyrazolone (554) 

Quinoline (850j); p (509|); EtOH (143,262, 

263, 1 386, 509|); HCl (>43, 223, 386); CHa*, 

HI (223); Vap. (509f);y. p. 3^0 
Isoquinoline: EtOH (386, 606j); EtjO (•® 8 J); 
EtOH -f- HCl (386); hexane ( 188 |J 803,J 
8061); cf. p. 360 

a-Hydroxyquinoline (879j); EtOH (* 28 ) 
6-Hydroxyqumoline: EtOH (1*5) 

8-Hydroxyquinoline: EtOH (d-NaOH) 

( + HC1) (158) 

^Indole aldehyde (848) 

^Indolecarboxylic acid (848) 

Methyl o-cyanobenzoate: EtiO (526) 
Methylisophthalimide; EtiO (528) 

Methylisatin and ^ form: EtOH (*25) 
a-Hydroxy-^indole aldehyde (848|) 
o(m, p)-Nitrocmnamic acid (5*2) 

Quinoline hydrochloride: EtOH (283|) 
3-Phenyl-5-chIoropyrazole hydrochloride (5*4) 
1-PhenyIpyrazole (*54) 
l-Phenyl-3, 5-pyrazoIone (554); NaOEt (554) 
l(3)-Phenyl-5-pyrazoIone (554) 
V-Methyl-p-nitrobenzyl cyanide: MeOH (40*) 

2, 3, S-Trinitroacetylaminoanisole: EtOH (453) 

2, 3, 6-Trinitroacetylaminoanisole: EtOH 
NaOH (453) 

Cinnamic aldehyde: EtOH, Vap. (523) 
Allocinnamic acid: EtOH (819) 

Cinnamic acid: H,0 (35, 1 82 , j 6is, 61 4, 669f); 

EtOH (35, 119, 383, 384, 385, 386, 393, 423, 
527, 607, 6t3, 614, 617, 619); NaOE^ HCl 
(35); C«H* (494J); p. 360; Na salt (1«2J); 

HiO (659f) 

Atropic acid: EtOH (H®) 

(>-Coumaric acid: EtOH (43, 385); (+NaOEt) 
(43); Na salt: EtOH + NaOEt (43) 
m-Coumaric acid: EtOH (385) 
p-Coumaric acid: EtOH (38 5) 
o(m, p)-Acetoxybenzaldehyde (636, 637) 
a(^)-Methylindole: hexane (12* J) 
V(0)-Ethyl-O“OxycarbanU (**3» 479 
Hippuric acid: H,0 (2««f *94, f 659f); p. 

360; Na salt: H,0 («59t) 
o-Carbamylphenoxyacetic acid: EtOH (458) 
Dimethyl quinolinatoc-EtiO (*78) 
a(^)-4-Acetyl-3, 4-tolylenedia*oimide ; EtOH 
(474) 

Acetyl-p-benzoquinone semicarbazone (29*) 
«(^)-MethyIstyTene: EtOH (3*4) 

Pyruvaldehydephenylhydrazone: EtOH, NaO- 
Et ( 45 ) 

Nitroaceto-p-toluidine: EtOH (43) 


ULTRA-VIOLET ABSORPTION SPECTRA— ORGANIC SOLUTIONS 




Formula 


Name, solvents and literature 


CtHioN408 

C 9 H 10 O 

CtHioOi 


CfHioO* 

CtHioOi 

C 9 H 10 O 1 

C9H10O1 

C9H10O4 

CftHiiBrN] 

C.HuIN, 

C^HnN 

CtHuNO 

C.HuNO 

C 9 HX 1 NO 

C9H11NO1 

CjHiiNOa 

C.HuNO, 

C^HiiNOi 

C.HuNO, 

C.HuNO, 

C,HuNS 

C,H„N, 0 , 

C|HuN, 0 , 

C.HiiNiO. 

C.HuNjO. 

'C.HuN|04 

C.Hi, 

C.Hi, 

C.HuCIN 

CtHuClNO, 

C,H|,C 1 NC, 

C.HijN, 

• 

C.HijN, 

C.Hi,N, 

C.HuNaO 

C,H„N, 0 , 

C.HuNjO, 
C.HijN , 0.8 

C,HuO 

C.HijO, 

C.HijO. 

C.Hi.N 

C.Hi.N 

C.Hi,NO 

C.HuNO, 

C.Hi,NO, 

CtHi.ClN 

OiHuClN 


Ultra-violet and Visible.— (Continued) 

2, 3, b-Trinitrodimethyl-p-toIuidine: EtOH 

(471) 

Phenyl ethyl ketone ( 20 ) 

^Phenylpropionic acid; EtOH ( 20 , 37 , j 386, 
423, 607, 610); H,0 (6S9|); cf, p. 360; Na 

salt: HjO («59t) 

Benzyl acetate ( 20 f) 

Ethyl benzoate (37 J) 

Tropic acid: EtOH (*36); cf. p, 360 
Ethyl o-hydroxybenzoate and Na salt: EtOH 

(385) 

Veratric acid; EtOH (140, 28 7) 

Acetone 7>-bromophenylhydrazone: EtOH (40) 
Dimethylbenziminazolium iodide: HjO (®3i) 
Tetrahydroquinoline: EtOH (203-f) 
S-Hydroxytetrahydroquinoline: EtOH ( -|-HC1) 

(158) 

Methylacetanilide; EtOH (43) 
p-Dimethylaminobenzaldehyde; EtOH (30, 
519); HCl (30); Vap. (sio) 

Phenylalanine: v. p. 360 
Dimethylanthranilic acid; EtOH (395) 

Methyl methylanthranilate: EtOH (395) 
Methyl anilinoacetate (386 j) 

Nitromesitylene; EtOH (43) 

Tyrosine (594f); H,0 ( 286 ); cf. p. 360 
A^-Methylthioacetanilide (445) 
Phenetoleazoformamide; EtOH (293) 

Acetone p-nitrophenylhydrazone: EtOH (40) 

2, 5-Dinitrodimethyl-p-toluidine: EtOH (471) 

2, 6 (and 3, 5)-Dinitrodimethyl-p-toluidine; 

EtOH (471, 472) 

3, 5-Dinitro-4(6)-methylamino-o-xylene: EtOH 

(477) 

Mesitylene (37j); Vap. (271) 

Propylbenzene (20f, 386 1 ) 

Tetrahydroquinoline hydrochloride* EtOH 
(263t) 

Phenylalanine hydrochloride: EtOH (849 j) 
Tyrosine hydrochloride: EtOH (®49j) 
Acetaldehyde phenylmethylhydrazone: EtOH 

(40) 

Propionaldehyde phenylhydrazone: EtOH + 
AcOH (40) 

Acetone phenylhydrazone: EtOH, AcOH 

(40) 

Dimethylbenziminazolol: EtOH («3i) 

2- NitrodiinethyI-7Ktoluidine: EtOH (471) 

3- Nitrodimethyl-p-toIuidine: EtOH (43, 47i) 
T-Cumenediazonium sulfate: H.O (247) 

Benzyl ethyl ether (37 j); EtOH (* 0 ); Vap. 

(624) 

Tetramethylpyrone (21 f) 

Phloroglucinol trimethyl ether: EtOH ( 281 ) 
Mesidine: P, EtOH, Vap. (sio) 
Dimethyl-o-toluidine: EtOH (384, 386) 
-y-Ethoxylutidine (14) 

Ethyl dimethylpyrrolecarboxylate (363, 364) 
Adrenaline (* 28 |) 

Phenyltrimethylammonium chloride : EtOH 

(395) 

Dimethyl-o-toluidine hydrochloride; EtOH 

(384) 


Formula 

1 Name, solvents and literature 

C.H.JN 

Phenyltrimethylammonium iodide; EtOH 

^395) 

C.HuNjOj 

Ethyl l-amino-2, 5-dimethyl-4-pyrrolecarboxy- 
late ( 262 ) 

C.HmO 

Phorone (14, 66,j 67, j 70 , j 176, 411); EtOH 
(404, 406, 410, 573J); HjO, hexane, AcOH 
( 573 J);H,S 04 (406, 573J); CHCI 3 , ZnCl- 

(406); Vap. (529j); cf. p. 360 

C.HuO. 

Diethyl acetonedicarboxylate (58 J, 176) - EtOH 

(+alk.) (23t) 

C.HigO. 

Diethyl hydroxymethylenesuccinate: EtOH 
(22) 

C.Hi.BrOi 

Dipropyl bromomalonate (i®®) 

C.HisNOj 

Eegonine: v. p. 360 

CgHitNjO. 

Triethyl isocyanurate ( 120 ); EtOH ( 280 ) 

CjHiftNjOj 

Triethyl cyanurate ( 120 ) 

C.H.g 

Geraniolenc; V'ap. ( 602 ) 

C.H 17 NO 2 

Ethyl piperidoacetate (295 -j-) 

CglliaNg 

TriethyI(iso)melamine: EtOH ( 280 ) 

C.HuO 

Hexamethylacetone (294, 545j); jIjO, 

EtOH, heptane, CHCI, (546j) 

C.Hi.NOi 

d- 7 -Nonyl nitrite: P (490-|-) 

C.HjiN 

Tripropylamine (63 J) 

CioHeClj 

Dichloronaphthalene {10 isomers): he.xane, 
Vap. (372.3) 


CuiHeNjO. 

CioH.O, 


CjoH.Oi 

CioHeO. 

CioHvBr 

CioHvBrNjO, 

C.oHtCI 

C 10 H 7 CIN, 


CioHtNO 


2 


CioHxNOj 

CioHtNO, 

CioH. 


CioH.N, 

CioHsNjO, 

CioH.N.O. 

CioHgO 

CioH.O. 

CioH,BrN,0 

CioH.CIN, 

C.oHgN 

CioH.N 

CioH.NO 

CioH.NO 

CioH.NO 


Quinoxalindicarboxylic acid and Fe, Na salts: 

HjO (394) 

a-Naphthoquinone (36, 410, 432 j); EtOH 
(409, 518); Yap. (531); /S-Naphthoquinone 
(409); EtOH, Vap. (SI 8 ) 

Hydroxymethyleneindandione: H,0 (+HCI) 
(401); Na salt (40i) 

Phthalyl acetic acid: .^cOH, HjSO. (soo* 
a[(/3)-Bromonaphthalene: EtOH, Vap. (Sisi- 
cf. p. 360 

p-Bromophenyloximidoxazolone methyl ether: 

EtjO (243) 

a(/3)-ChIoronaphthaIene: EtOH, Vap. (si«) 
or-Naphthalenediazonium chloride: HjO, dil. 

acid (89, 247) 

a(^)-Nitronaphthalene: EtOH (43,518)- jjg. 
rom, C.H. (43) 

Cinchoninic acid: v. p. 360 
Acetylisatin: EtOH (436 j) 

Naphthalene (42, 133 , 324); EtOH (18, f 26 i,| 

263, t 379. 386,t 431. 518, 599, 606J); hexane 

(156, J 306, t 372, J 606 ;^); EtjO (« 06 J); Vap. 

(304, 305, 372, 518, 599); cf. p. 360 

2-Dipyridyl: EtOH, Vap, (263, f S 20 ) 
a-Nitro-/3-naphthylamine: EtOH (8i8) 
4-Nitro-l, p-nitrophenyl-3-methyl-5-pyrazo- 

lone (554) 

of(/?)-Naphthol: EtOH (360, 432, j 518); cf. 
p. 360 

Benzylidenemalonic acid: HjO, EtOH (4-NaO- 

£t) (35) 

1, 7>-Bromophenyl-5-methyl-3-p3’razoIone (554) 
l-Phenyl-3-methyl-5-chloropyra2ole (554) 
or-Naphthylamine: EtOH (*i«): cf. p. 360 
^-Naphthylamine: EtOH (478, sis); cf. p. 360 
p-Methoxyquinoline: v. p. 360 
6-Methoxyquinoline; EtOH (13S) 

Carbostyril A^(0)-methvl ether (273 u EtOH 

(479|) 
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Formula 


Name, solvents and literature 


CioH»NjOi 

CioHbNjOi 

CioHio 

CioHioBTjOj 

CloH loClN 
CioHioClN 

C,oH,oClNO 

CioHioCl jOa 

CioHioIN 

CioHioIN 

CioH 10N2O 
CioHioO 

CioHioO* 


CioHioOj 

CioHioO* 

CioHioOa 

CioHioOa 

CioHioOi 

C10H10O4 

C10H10O4 

CioH loOi 
CioHjoO# 
CioHioO« 
CioHiiNO 

C,oH„NO 

C,cHnN04 

CioHiiNjO* 

CioHiiNjO? 

CtoHij 

CioHii 

CioHu 

C.oHiaNaO 

CioHijNjO 

CioHnNjOj 

CioHiaO 

CioHiaO 

CioHiiO 

C10H12O 

C10H12O 

CioHijO* 

CtoHi^Oa 

OipHuOa 

Ci«H itOa 

O loHijN^Oa 
C.oHuNOj 
CipH iiN'Oa 

Cioll laN sO* 


Ultra-violet and Visible. — {Continued) 

Isonitrosophenylmethylpyrazolone; EtOH 
(-fNaOEt) (402) 

l-m-Nitrophenyl-5-methyl-5-pyrazolone ( 5 ® 4 ) 
1, 4- Dihydronaphthalene (42); EtOH ( 379 ) 
Dibromothymoquinone; EtOH (O^O); Vap 

(531) 

Quinoline methochloride: H 2 O, EtOH (223) 
a(j3)-Naphthylamine hydrochloride: EtOH 

(518) 

6 -Methoxyquinoline hydrochloride (*3®) 
Dichlorothymoquinone: EtOH (®^ 0 ); y^p 

(531) 

Quinoline methiodide: EtOH, CHCU (223) 
Isoquinoline methiodide: EtOH (O®!); CHCli 

•(223) 

l-Phenyl-3(5)-methyl-5(3)-pyrazolone (®® 4 ) 
Benzylideneacetone: H 2 O (®® 4 ); EtOH (* 3 , 
35); H 2 SO 4 (13) 

Benzoylacetone: EtOH (23, f 47 s, 478); 

(23t); A1 salts; EtOH, alk. (23f); y salts: 
EtOH (475) 

o(m, p)-Diacetylbenzene: EtOH, CHCli, hex- 
ane (042) 

(l 8 o)Safrole: EtOH (HO) 
a-Methylcinnamic acid; EtOH (3*4, 392) 
^Methylcinnamic acid; EtOH (384) 

Methyl coumarate: EtOH, NaOEt (385) 
Meconin: EtOH, EtjO (ooej) 

Dimethyl terephthalate (28 4) 

Opianic acid: EtOH, EtaO (003,j 605,j eoej) 
Dimethoxyterephthahc acid (236) 

Hemipinic acid; EtOH, EtiO (oooj) 
Benzylideneacetoxime ( 534 ) 

^Indoleethyl alcohol (048^) 

Ethyl p-nitrophenylacetate: EtOH (-|-NaOH) 

(317) 

Nitrodiacetylphenylenediamine; EtOH ( 477 ) 
4(6), 5“Dinitro-3-acetylaminoveratroIe: Neu- 
tral and alk. sol. (i®®) 

Dicyclopentadiene: EtaO, EtOH (® 10 ) 

1, 2, 3, 4-Tetrahydronaphthalene (42); EtOH 

(379); yap. (518) 

1 , 4, 6 , 9-TetrahydronaphthaIene (42) 
Diacetylphenylhydrazone: EtOH, NaOEt ( 45 ) 
Pyruvaldehyde phenylmethylhydrazone ( 45 ) 
3-NitromethyIaceto-p-toluidide: EtOH ( 43 ) 
Anethole ( 122 , isof) 

Cumaldehyde; EtOH, Vap. (823) 
a(^)-Ethoxy 8 tyrene: EtOH (383) 
Methylchavicole (lOOf) 
or-Tetrahydro-a(/3)-naphthol: EtOH (360) 
Eugenol and isoeugenol (I50j); EtOH (il®» 
533, 628J); yap, (533f) 

Ethyl phenylacetate (20»t 37 j) 

Thymoquinone (3®); Vap. (531) 

Ethyl phenoxyacetate (2®) 

Methyl dimethylanthranilate: EtOH ( 395 ) 

Ethyl anilinoacctate: EtOH ( 395 ) 
o-Bonzobetaine; EtOH ( 395 ) 

3, 6-Dinitro-4(6)-dimethylaniino-i>-xyIene: 

EtOH (477) 

3, 5-Dinitro-4(6)-cthylamino-o-xylcne: EtOH 

(477) 


Formula 


CioHiiNiOi 
C10H14 
CioHu 
CioHu 
CioHi4BrC10 
CioHuBriO 
C,oHt 4 BrNO. 
C,oHi 4 BrNO, 

C10H14CINO, 

C 10 H 14 CI 2 O 2 

C10H14N1 

C10H14N2 

C10H14N* 

C10H14N4OJ 

CioHiiO 

C.oHmO 

C10H14O 

C10H14OI 

CioHi 40| 

CioHi 404 

CioHuBrO 

CioHiiBrO 

CioHi4Br04S 

CioHi4Br04S 

C.oHuCiO 

CioHuClOiS 


C.oHuN 
C.oHuNO 

CioHuNOi 
CioHuNO, 
C.oH.sNOiS 

CioHnNOa 

CipHuNiOj 

CioHia 
CioH 14 
CioH 19 
CioH 19 
CioH 19 
CioH 19 
CioH 19 

CioH 19 

CioHis 

C 10 H 19 

CioH,»BrNO,S 

CioHioClNOiS 

CioHioNjO 

C 10 H 19 N 2 O, 

C 10 H 19 N 2 OJ 

CioHijO 


CioHieO 


Name, solvente and literatu re 

Diethyl-2(3), 4-dinitroaniline; EtOH (**•) 
Cymene: EtOH, Vap. 
m-Cymene: EtOH ( 22 S) 
tert.-Butylbenzene (2®it 
a, a'-Chlorobromocamphor; EtOH (4**) 
ot, a'(^)-Dibromocamphor: EtOH (412) 
«'-Bromonitrocamphor: EtOH ( 4 * 2 ) 
^(x)-Bromonitrocamphor; EtOH, EtfO, 
CiHoa, (4'12); Na salt: EtOH (412) 
at, o'-Chloronitrocamphorr EtOH ( 4 * 2 ) 
Camphoryl chloride, cw and ci»-irane: Et*0 

(578) 

Acetone phenylmethylhydrazone: EtOH (4®) 
Propionaldehyde phenylmethylhydraione : 

EtOH (40) 

Nicotine: P, Vap. (509); EtOH (»*®i *®4, 

609) 

Ethoxycaffeine: EtOH (2*®) 

Carvocrol: EtOH, Vap.f ( 533 ) 

Carvone (204); yap. (532) 

Thymol: HjO ( 286 ); EtOH (385, 833); EtOH 
4- NaOEt (««®t); Vap. (533); Na salt (•••!) 
Camphorquinone (4*®!); EtOH (4X3, 609); 
C 9 H 9 (415); toluene («44J); yap. ( 822 ) 
Camphoric anhydride: Vap. (5**) 
Tetraacetylethane; EtOH (-|-NaOEt) (*x) 
o-Bromocamphor: EtOH (4X2, 413) 
^-Bromocamphor: EtOH (4X2) 
d-o-Bromocamphor-^-suIfonic acid, NH 4 salt: 

EtOH (525) 

oe-Bromocampbor-x-sulfonic acid, NH 4 salt: 
EtOH (4X3) 

o-Chlorocamphor: H 1 O, EtOH (4X2, 413) 
o-Chlorocamphor-^-sulfonic acid, K salt: HtO, 
NaOH (413) 

Diethylaniline: P, EtOH, Vap. (5X0) 
Carvoneoxirae: EtOH (532) 

Ethyl trimethylpyrrolecarboxylate (3«3, 364) 
Isonitrosocamphor: EtOH (-|-alk.) (3X) 
Camphor-^ulfonanhydramide: EtOH (4X3) 
Nitrocamphor; EtOH, Et*0, CiH 4 Clf (4X3); 
Na salt: EtOH ( 4 X 2 ) 

Ethyl 2, 6-dimethyl-l-ureido-4-p3TTolecai^ 
boxylate (3®2) 

Bomylene: Vap. (® 02 ) 

Camphene: Vap. (® 02 ) 

Dipentene ( 2 * 5 ) 

Limonene (X 20 ); EtOH ( 228 ); Vsp. (602) 
a()9)-PhelIandrene: EtOH {*25); yap. («»2) 
o-Pinene: EtOH (225); yap. ( 602 ) 

Sylvestrene: EtOH (** 5 ); Vap. (®®*) 

Terpinene (12®) 

Terpinolene (X 20 ) 

Turpentine (2®®t) 

ot-Bromocamphor-r-sulfonamide; EtOH (4X5) 
ot-Chlorocampborsulfonamide: EtOH (4*3) 
a(^)-Camphorquinonehydrazone (*••) 

Methyl y-riiazocarophonanate (3S9.5) 

Ethyl 1 -amino-2, 3, 5-trimethyl-4-pyrroIecar- 
boxvlate (362) 

Camphor 4>«); EtOH (»«. *«>.t *'*’ 

412 , 41S,J 52S); Et,0, C.H.at (*'»); cyclo- 

hexane (4i5;f); yap. (*32) 

Carvenone (12®) 


ULTRA-VIOLET ABSORPTION SPECTRA— ORGANIC SOLUTIONS 
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Formula 


Name, solvents and literature 


CioHuO 

CitHitO 

CioHifO 

Ci«HiiO 

CioHhOs 

CioHu04 


Ultra-violet and Visible. — (Continued) 

Citral (6e,j67j); EtOH (#»», s»»); Vap. 
(•»•); (J/*. p. 360 
Dihydrocarvone 
Fenchone Vap. (•**) 

Pulegone (»*«); EtOH, Vap. (•»») 
Buccocamphor 

Camphoric acid: EtOH Na salt: HiO 

(STS) 


CitHitOi 

CioHiiOt 


Diethyl acetylsuccinate : EtOH (-1-alk.) (**t) 
Diethyl ethoxyfumarate : EtOH (*3*t*®7);alk. 


CioHicOt 

CioHitN 

CioHitNO 

CioHitNO$ 

CioHitNOiS 

CioHiiO 

CioHiiO 

CittHiiO 

CioHiiO 

CitHiiO 

CiftHiiO 

CioHitOt 

CitHiiOi 


CitHitNO 

Ci*HioO 

CiiH«CliOi 

CitHjBrNiOt 

CuHtN 

CiiHiOa 

CiiHuOa 

CuH,BrIN 

CuHalaN 

CiiHaN 

CuH,N 

CiiHtNOt 

CiiH.NO* 

CiiHio 

CiiHio 

CiiHioIN 

CiiHioNfO* 

CiiHioO 

CiiHicOt 

CiiHioO* 

CiiHioO. 

# 

CiiHieO* 

CiiHioO* 

CiiHiiClNi 

CiiHiiNO 

CiiHiiNOa 

CiiHiiNO* 

CiiHiiNO* 

CiiHiiNO. 

CiiH„N,0 

CiiHiiNfO 


(«t) 

Diethyl dimethyloxalacetate : EtOH 
Camphorimide : EtOH (***) 

Camphoroxime : EtOH ***) 
Nitrocamphane: EtOH (-|-NaOH) (<**) 
Camphor-^-8ulfonamide: EtOH 
d(I)-Bomeol: EtOH (»»«) 

Cineol: EtOH (*»«) 
atronellal: EtOH («3») 

2-Linalool: EtOH (3331) 

Geraniol: EtOH 
Menthone (*•♦); EtOH (»3S) 

Acetylmethyl hexyl ketone (ITS, 294) 

Ethyl diethylacetoacetate EtOH 

(204^ 220, 220, 609); H.O p. 360 

Menthone oxime: EtOH (332) 

Menthol: EtOH (»33) 
Cyclopentadienechloranil (31 1) 
p-Bromophenylacetyloximidoxasolone: EttO 

(242) 

a09)-Naphthonitrile: v, p. 360 
a(^)-Naphthoic acid: v, p. 360 
^-2-Naphthol-3-carbonic acid, Na salt: EtOH 

(28S) 

lodophenylpyridinium bromide: EtOH (32S) 
lodophenylpyridinium iodide: EtOH (328) 
Phenylpyridine, salts and derivatives (338) 
4-Pheny Ipyridine : Vap. (**®) 

Diketo-o(m, p)-tolylpyTroline : EtOH (*i*t) 
Quininic acid : v. p. 360 
a-Methylnaphthalene (332 J); p. 3^ 

^-Methylnaphthalene (332 1 ); hexane, Vap. 

p. 360 

Phenylpyridinium iodide: CHCl* (338) 
Anisalhydantoin, derivatives: EtOH (33) 
a03)-Naphthyl dJrethyl ether: EtOH (360) 

2, 3-Dimethylchromone: EtOH (+alk.) (*33^) 
Ethyl phenylpropiolate (322) 

Methyloxindone (320); Na Rb salts: EtOH 

( 220 ) 

Cinnamylideneacetic acid (322) 

Ethyl coumaranonecarboxylate and Na salt: 

EtOH (386) 

1, *>~Tolyl-3(5)-methyl-6(3)-chloropyTaaole 

ft 


8-Ethoxyquinolme: EtOH (+HCI) (!»•) 
^Indoleptopionic acid (338) 

w-Aminoethylpiperonylcarboxylio anhydride 

EtOH (140,287) 

Ketohydrastinine : EtOH (130, 287) 

Ethyl o(m, p)-nitrocinnamate : EtOH (32) 
l-Phenyl-2, 3-dimethyl-5-pyra2olone (333) 

1, ®-Tolyl-3(6)-methyl-6(3)-pyraaolone (* 34 ) 


Formula 

CiiH|iNfO 

CiiHiiNiOi 

CiiHijN.Oe 

CiiHi.Oi 

CiiHijO* 

CiiHitOa 

CiiHiiO# 

CiiHijO* 

CiiHiiO* 


C11H11O4 

CiiHiiO* 

CiiHiiBrsNiO* 


CiiHi,N 

CiiHisN 

CiiHuNO* 

CiiHiiNO# 

CiiHiaNO# 

CiiHijNiO# 

CiiHuBrNiO# 


CiiHuBr.Os 

C11H14CINO* 

CiiHuClNsO 

CiiHi4Cl20a 

CiiHiiNfO 

CiiHuO 

C11H14O 

C11H14O. 

C11H14O1 

CiiHi40t 

CiiHiiBrO, 

CiiHiiBrO. 

CiiHiiN 

CiiHuNO 

CiiHiiNsO. 

CiiHiiBrNOi 

CiiHitBriO 

CiiHi*Ni 


CiiHiiO 

CiiHiiO. 

CiiHifO. 

CiiHifOt 

C11H1.O1 

ChHitBiO 

ChHitNO 


Name, solvents and literature 

1, p-Tolyl-3-methyl-5-pyra2olone (3*3) 
Tryptophane: EtOH (338, j 649); q/*. p. 3^ 

2, 4, 6-Trinitrophenylpiperidine: EtOH (377) 
a, ^Dimethylcinnamic acid: EtOH (*32) 
Ethyl cinnamate (37j); EtOH (»*) 
Anisalacetone: EtOH, HsS04 (*3) 

Ethyl o(m)-coumarate: EtOH ( + NaOEt) (* 3 *) 
/3-Ethoxycinnamic acid: EtOH (382) 

Ethyl benxoy lacetate : EtOH (**); (-j-NaOEt) 
(22, 286); A1 salts: EtOH (+NaOEt) (3»); 
Na salt: EtOH (383) 

Diacetyldimethylpyrone; EtOH (-fNaOEt) 
( 21 ) 

Diethyl chelidonate (31) 

Dibromo-4-hydroxy-2-methyl-5-iflopropyl- 
benzeneajEoformamide : EtOH (-fNaOH) 

(233) 

DimethyldihydroisoquinoUne: EtOH (*31) 
Corydaldine: HjO (130, 287) 
Hydrohydrastinine: Et.O (*3*); hexane (®®8J) 
Hydrastinine: hexane (•®®t); EtOH (130, 
287, 606t); H,0, Et,0 (136, 606^) 

Ethyl o-carbamylphenoxyacetate: EtOH (3*6) 
2, 4-Dinitrophenylpiperidine: EtOH (377) 

3- Bit)mo-4-hydroxy-2-methyl-5-isopropyl- 
benzeneazoformamide: EtOH (-|-NaOH) 

(292) 

Cyclohexane8piro-4, 4-dibiomocyclohexan-3, 
S-dione: EtOH (l®*) 

Hydrastinine hydrochloride: HiO (13*) 

4- Aininoantipyrme hydrochloride: EtOH (378) 
Cyclohexanespiro-4, 4T^ichlorocyclohexan-3, 

5- dione: EtOH (i®®) * 

Cytisine: o. p. 360 

Formylckmphor anhydride ( 316 ) 

ar-Tetrahydro-or03)-naphthyl methyl ether: 
EtOH (360) 

Methylisoeugenol (I30f) 

Ethyl o-hydrocoumarate and Na salt: EtOH 
(+NaOEt) (388) 

Diethyl xanthochelidonate : H*0, EtOH, CHCl. 

(«) 

Cyclohexane8piro-4-bromocyclohexan-3, 

6- dione: EtOH (i®®) 

Bromoformylcamphor ( 316 ) 
4-PhenyIpiperidine:EtOH (-|-acid), Vap. (3*0) 
p-Toluidineacetaldehyde condensation com- 
pounds (3®7) 

4-Hydoxy-2-methyl-5-isopropylbenzenea2o- 

formamide: EtOH -f- NaOH (3®3) 

Bromocamphorcarboxylic amide (313) 

a, w-Dibromomethylcamphor: EtOH (312) 

Diethyl ketone phenylhydraaone : EtOH 4- 
AoOH (30) 

Methyleneoamphor ( 316 ) 

Formylcamphor: EtOH, NaOEt ( 316 ) 
Hydroxymethylenecamphor (3*0); EtOH 

(+alk.) (32,1416) 

Cyolohexanespirocyclohexan-3, 5-dione: 

EtOH (+NaOEt) ( 1 * 9 ) 

Camphorcarboxylic acid and Na salt (313) 
a( 0 t w)-Bromomethylcamphor: EtOH (312) 
Aminomethylenecamphor : EtOH (+HC1) * 
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Formula 


Name, solvents and literature 


CuH,N 304 

CiJLN.Oi 

C 12H 9X304 
C12H9N4O4 

CijH ifl 

C 12 H 10 

C.-H.oNi 


CiiH.oNjO 

CuHioNjO 


Ultra-violet and Visible. — {Conlinxied) 

Isonitrosocamphor-O-methyl ether: EtOH ) 
Camphorcarboxylic amide 
a(/3)-Carnphorquinonesemicarba2one (368) 
Ethyl 2, 3, 5-trimethyl-l-ureido-4-pyrrole- 
carboxylate (362) 

Methylcaraphor: EtOH (^*2) 
a-Methylcamphorsulfonamide: EtOH (^' 2 ) 
Fenchone semicarbazone (2^5) 

Diethyl diethylmalonate: EtOH (® 2 , I98)j 
( + NaOEt) ( 82 ) 

Methyl nonyl ketone (i 76, 294, 545 J)j EtOH 

(609) 

aO)-Tetrabromo-p-azophenol: EtOH (8^*) 
Hexanitrohydrazobenzene: MeOH, CHClj, 
HCI, NaOEt (248) 

Diphenoquinone: EtOH (^®®) 
Acenaphthenequinone: EtOH (36) 

Resorufin: EtOH (482 j) 

Acenaphthylene: EtOH (42) 

Bt*nzeneazo-2, 0-dibromophenol (250) 
Phenazine: EtOH (234) 

Benzoquinoneazine (44) 

Phenylpicramide: EtOH ( 2 I 8 , 248)j 
(-l-NaOEt) (248) 

Diphenylene oxide: EtOH (*38) 

Thianthrene sulfoxide: EtOH (*89) 
Thianthrene: EtOH (*89) 
4-Bromoacenaphthene: EtOH (**8) 
4-Chloroacenaphthene; EtOH (8*®) 
Benzeneazobenzenediazonium chloride: EtOH 

(319) 

2, 5-Dichlorobenzene8ulfuramlide: CHCU 

(174. 2J) 

4-Iodoacenaphthene: EtOH (8*8) 
lodoazobenzene: EtOH, HCI (2**) 

Carbazole: v. p. 300 
o(m, p)-Nitrobenzeneazophenol: EtOH 
( + NaOEt) (44) 

p-Nitrobenzeneazophenol: EtOH (44, 496, 
592); K salt: EtOH (892); Na salt (496); 
EtOH (592) 

p-Dinitrodiphenylamine, Na salt: EtOH (244) 
Phenyl-2, 4-dinitroaniline: EtOH ( 2 * 8 ) 
m, p-Dinitrodiazoaminobenzene and deriva- 
tives: EtOH (593) 

p, p'-Dinitrodiazoaminobenzene, Na salt: 
EtOH (244) 

Diphenyl (37, J 42); EtOH (431 {); Vap. (521); 
c/. p. 360 

Acenaphthene (42); EtOH, Vap. (5^8) 
Azobenzene (*96,J 229); EtOH (29, 40, 83.3, 

117, 213, f 216, 247, 422,^ 486, | 521, 537); 

acid (29, 83.3, 216 , 633); CHClj (21«, 537); 
MeOH (2*6); ligroin (83.3); Vap. (821); cj. 
p. 360 

Azoxybenzene: EtOH ( 821 , 526,-|- 434 j); Vap. 

(521) 

Benzeneazophenol (*®8t); EtOH (*83, 250, 
550, 592, 633); H,S 04 (2*«): HCI, NaOEt 
(633); K salt (592); Li Salt: Et,0 (250); Rb 
salt: EtOH. CsH^N (250) 

Azophenol: EtOH (219. 549, 634); Et,0 (21*); 
(4-NaOEt) (634) 


CuH.tNO^ 

CnH,:N02 

CnHwNsO. 

CnH,;N303 

C 1 1 H I nO 
CuH.sNOaS 
C,, 11 , 9 X 30 

Ci.ILoO, 

CiiH2,iO 

CijHeBr 4 X 202 
C,2Hr.NHO,2 

CijH.Oj 

Cl2Hfl02 

C,2H;N03 

C,2lL 

C,:H3r2N.O 

C,2H,N202 

C,2HhN40o 

C,2HhO 

C,2H,082 

C 12 ILS 2 

CijHsBr 

C,2HvCI 

C,:H9C1N4 

CnHgCUNS 

C,2H,I 

C.-HgINi 

C.jHgN 

C i2H tN aOj 

Cl^HgNjO, 


CijHioNiO* 


Formula 


Name, eolvenU and literature 


CijH,oN40j 

C12H10N4O4 

CiiHioO 

CijHioO 

CiiHioOS 

CijHioOj 

CijHioOa 

CijHioOiS 

C,jHio02S2 

CitHjoOs 

C11H10O4 

CijHio04 


C12H10O4S1 

CijHioOi 

CijHioOi 

CijH.oS 

CijHioSs 

C„H„N 

CuHnNOi 

CiaHiiN* 

C.jH.iN, 

C„H„N ,0 

C, 2 HnN ,048 

C12H1J 

CijHitCIiO* 


C„HuNt 

ChH„Na 

CiaHijNiO* 

CuH.aO 

CijH 13 O 1 

CiaHi.CIN, 

CmH„N 

CijHuBriO* 

Ci,Hi4CLO. 

C,2HmN|0 

C 12 H 14 O 4 

C12H14O4 

C11H14O4 

C1JH14O* 

Ci.H, 4 lNO(?) 

C„H, 4 N 0 

CiiHuNOi 

C|iHi»N04 


p-Nitroazoaminobenzene, Na salt: EtOH (2^^) 
3, 3'(5)-Dinitrobenzidine: EtOH, HCI, NaOH 

(90) 

Diphenyl ether: EtOH CHai 

Vap. (161 , 1 521) 

0 -Hydroxydiphenyl: EtOH (-|-NaOEt) (38») 
Diphenyl sulfoxide: EtOH (*89) 
Cinnamylideneacrylio acid: EtOH (d-NaOEt) 

(35) 

Diphenol: EtOH (60») 

Diphenyl sulfone: EtOH (l*®) 

Diphenyl disulfoxide: EtOH (l*®) 
Acetyloxindone, Ca, Ca, Li salts: EtOH (23®) 
Cinnamylidenemalonic acid: EtOH (36» 614); 
HA HCI, NaOEt (35) 

Ethyl oxindonecarboxylate, Ag,t Ba,t Ca, 
Cs, K, Li, Na,t Rb.f Sr,t Tlf salts: EtOH 

(230) 

Diphenyl disulfone: EtOH (*6®) 

Piperic acid: EtOH (*36) 

Quinhydrone: EtOH ( 288 , 405); Vap. (385) 
Diphenyl sulfide (*89); EtOH, Vap. (i**) 
Diphenyl disulfide: EtOH (161| 1*9) 
Diphenylamine: EtOH (*3» 410, 537)^ Vap. 
(521); cJ. p. 360 

6, 7-Dimethoxyisoquinoline-l-carboxyUc acid 
(137) 

p-Aminoazobenzene: EtOH (2®i **3| 486, | 
521, 634); acid (2®, 319); Vap. (831) 

Diazoaminobenzene: EtOH (247, 521); Vap. 
(521) 

p-Aminobenzeneazophenol: EtOH, HCI (**•) 
Diphenylamine- p- diasonium sulfate: HtO, 
acid (247) 

Dimethyinaphthalene: hexane, Vap. (373J); 
cf. p. 360 

Diethyl p-dichlorodihydroxyterephthalate: 

MeOH, C.Hi.OH, CHQ, («<- *»•); EtOH, 
Et/D (*3«) 

Benridine: EtOH (»«. »*«); Vap. (»»«) 
Hydrazobenzene: CHCU (*37) 

Luminal: v. p. 360 

Cinnamylideneacetone: EtOH (+NaOEt) (**) 
6(7, 8)-Methoxy-2, 3 ^imethyIchromone: 

EtOH (+alk.) (292t) 

1, o-ToIyI-3, 4-dimethyI-6-chloropyraiole (5®*) 
a(^)-Dimethylnaphthylamine: v. p. 360 
Diethyl dihydroxyterephthaUte dibromide: 
EtOH (235) 

Diethyl ^-dichlorosuccinylsuccinate: EtOH 
(235) 

1, o-Tolyl-3, 4-dimethyl-5-pyra8olone (*84) 
Apiolc: EtOH (**®) 

Isoapiole: EtOH (**®) 

Diethyl phthalate: EtjO ,(577) 

Diethyl dihydroxyterephthala'te: EtOH (23 ), 

MeOH. CHCU (236) 

Anieylpyridinium iodide: CHGb (33*) 
Benzoylpiperidine: EtOH, Vap. (5*®) 
Hydrocotamine (*^^t)» (22*); hexane 

(603, J «05|); var. solvents («®6t) 

Cotamine: EtOH (* 44 ,t 264, 606 J); HA 
EtA hexane (*46,t«®«t); CHCU, NaOH 

(l^<t) 


t 
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Formula 


Name, solvents and literature 


CiiHieBriOe 

CisHieClNO, 

CiiHuClNOi 


Ci,HiJN04 

CisHnO 

CiiHiftOe 

CitHnNO, 

Ci*HiJN04 

CiiHie 

CiiHisNt 

CitHiiNiOi 

CisHisOi 

CisHisOi 

CijHigOt 

CiiHisOe 

CitHsoOSt 

CiiHioOSi 

CiiHioO* 

CiiHiaOi 

Ci»Hm 

CitHtiOii 

CitHnOii 

CitHiiOs 

CtiH**0 

CiiHisIN 

Ci,HsN,04 

CuH,0 

CuH.ClN, 

Ci,H,NO 

C»H,NO, 

Ci|H|q 

CiiHiiNi 

GuHieNiOt 

CiiHi«NiOs 

CiiHifN40» 

CnHioN40e 

CttHioO 


GtiHioOSj 

CiiHioO* 

Ci*HioO»S 

CnHioO* 

CiiHioOs 

CiiHtoSi 

CiiHiiClNiOsS 

CnH„aN,04 

CuHnlN, 

CitHuN 

Ci.HuNO 

CiiHiiNO 

CuHiiNiOs 


Ultra-violet and Visible. — (Continued) 

Diethyl tetrabromosuccinylsuccinate: EtOH 

(235) 

6, 7-Dimethoxy-3, 4-dihydroi3oquinoline 
methochloride; HjO (®3i) 

Cotamine hydrochloride: EtOH 
H,0 (223, 606J); CHCU, HCl (223) 
Cotamine hydroiodide: EtOH (223) 

Methyl duryl ketone (^ 26 ) 

Diethyl succinylsuccinate: EtaO, AcOH + 

HiSO*, MeOH, EtOH (2 35) 

6, 7-Dmiethoxy-2-methyltetrahydroisoquino- 

Une: CHCl,, Et,0 (63i) 

Diethyl 2, 5-<limethyl-3, 4-pyTroledicarboxylate 
(362) 

Hexamethylbenzene: EtOH (386, 403, 524|) 

Diethyl ketone phenylmethylhydrazone : EtOH 
(40) 

flr-Glucose phenylhydrazone (^®) 
Acetylcamphor: EtOH (-(-NaOEt) (^'*) 
Camphorylacetic acid (559) 

Methyl camphocarboxylate : NaOEt (^'^) 
Diethyl diacetylsuccinate: EtOH (-l-alk.) (*3f) 
Methyl bomylxanthate: EtOH (* 2 ) 

Methyl fenchylxanthate (5^) 
Tetraethyldiketocyclobutane : hexane (320, | 

371 J) 

Diethyl diethyloxalacetate: EtOH (237) 
Dimethyldecadiene (560) 

Cane sugar (265, | 532, 694) 

Lactose: H,0 (532) 

Laurie acid: EtOH (252) 
d(I)-Laurinol: EtOH (225) 
Tetrapropylammonium iodide: CHCls, EtOH 

( 242 ) 

Dinitrofluorene: EtOH (63) 

Fluoreneketone: EtOH (®*5) 
2-Fluorenediazonium chloride: HaO, acid (*67) 
Fluorenone oxime: EtOH (-+- NaOEt) (60®) 
Nitrofluorene: EtOH (63) 

Fluorene ( 6 *); EtOH, ligroin (21); cf. p. 360 
Diphenyldiazomethane: v, p. 360 
Benzylidene-m(p)-nitroaniline: EtOH (63) 
o(w», p)-Nitrobenzylideneaniline: EtOH (63) 
a(^)-Methylphenylpicramide : EtOH (2*7) 

0 , p-Tolylpicramide: EtOH, NaOEt ( 268 ) 
^nzophenone (37, 410, 57i,| S72 J)j EtOH 
( 6 . 5 , 71, 201, 253, 406, 537, 540, 615); CHClj 

+ ZnCl, ( 606 ); Vap. (560); tf. p. 360 
Diphenyl dithiocarbonate : EtOH (*36) 

Phenyl benzoate: EtOH (384) 

Phenyl thiocarbonate (536) 

Phenyl carbonate: EtOH (536) 

Phenyl salicylate: EtOH (384, 386) 

Phenyl trithiocarbonate : EtOH ( 538 ) 

4-Chlorc>-2-nitn)phenylsulfurmethylanilide : 
CHCl, (124.2J) 

Phenazonium methylperchlorate : EtOH (*36) 
Phenazonium methiodxde: EtOH ( 236 ) 
Benzylideneaniline (* 37 ); EtOH ( 63 ) 
Benzanilide: EtOH ( 128 ) 

Bensophenoneozime: (ii8| 600 ); 

(H- NaOEt) ( 600 ) 

Q(w)-Nitrobftnsftldehyde phenylhydrazone : 
EtOH ( 60 ) 


Formula 


C.aHiiN.Oi 

CmHhN.O, 

Ci,H„NaO. 

Ci3HiiNa04 

CuHiiNjOa 

C„H„N,04 

CuHuNS 

CiiHii 

Ci.HialN 

CisHiaNi 

Ci.HuNaO 

CuHiaNaO 

CiiHiaNiO 

CuHiaNiO 

CisHiiNjO 

CtaHiiNaOa 

CiaH.aNaS 

Ci.H.aNaS 

CijHiaO 

CiiHiiO 

CiiHiaOa 

CiiHiiOt 

CuHi.N 

CiaHi.N, 

CiiHuNjOiS 

Ci.H.lN.O.o 

CiiHiaNaOl 

CiaHi 4 NaOs 

CisHieOi 

CiiHitNOi 

C11H17N1O4 

CiiHisOa 

CiiHisOj 

C4,Hi,N04 

CiiHioNjOj 

CijHioO 

CiiHioOf 

CiiHioOi 

CuHaoOt 

CiaHjoOj 

CiiHti 

CuHiaO* 

CwHsO, 

CuHbOi 

C14H1O1 

C14H.NO, 

Ci4H.NO, 


Name, w^lvenU and literature 

p-Nitrobenzaldehyde phenylhydrazone: Kl(;H 
(314) 

Benzaldehyde p-nitrophenylhydrazone: EtOH 

(d-NaOH) (314) 

o-TolyI-2, 4-dinitroaniline (217); EtOH, CHCli 
(218) 

7rr-Tolyl-2, 4-dinitroaniline: EtOH, CHCl, 
(218) 

p-Tolyl-2, 4-dinitroaniline: EtOH (21«) 

2, 4-Dinitrobenzylaniline: EtOH (677) 
Thiobenzanilide (665) 

Diphenylmethane (37^); EtOH (13, 443,| 
483.3, 537); Vap. (521); cf. p. 360 

Benzylideneaniline hydroiodide (337); EtOH 
(43) 

Benzaldehyde phenylhydrazone: EtOH (60, 
620); (-i-AcOH) (620) 

Benzeneazoanisole (i®®!) 

Benzeneazo-m(p)-cresol: EtOH, HCI, NaOEt 
(633) 

«-Benzoylphenylhydrazine: EtOH (657) 
Benzeneazophenyl methyl ether (l®®t) 

1, l'(2)-Diphenylurea: EtOH (522) 
p-Methoxybenzeneazophenol: EtOH (®3 6) 
8-Diphenylthiocarbamide: EtOH (522) 
Benzeneazothioanisole (i®®) 

Phenyl benzyl ether: CHCl, (537); Vap. 

(521, 537) 

Diphenylcarbinol: EtOH (683,3) 

Ethyl ^2-naphthoI-3-carbonate : EtOH (385) 
Ethyl coumaranonecarboxylate acetate: EtOH 

(456) 

Benzylaniline (537) 

o-Toluidineazobenzene; EtOH, HCl (233) 
o-Toluidineazobenzenesulfonic acid: EtOH 
(233t) 

Ethyl trinitropheny Imalonate : CHCl, (269); 
H,0 (264) 

Cyanohydrocotamine (164) 

Ethyl dinitrophenylmalonate (269); R salt: 
EtOH (264, 249) 

Ethyl /3-ethoxycinnamate : EtOH (38 5) 

Ethyl 3-hydroxy-l, 1-dimethylcyclohexenyli- 
dene-&^}yanoacetate: EtOH, NaOEt (1*2) 

3, 5-Dinitro-4(6)-piperidino-o-xylene; EtOH 

(477) 

Camphorylideneacetone (559) 
Acetoxymethylenecamphor (61®) 

Diethyl 1, 2, 5-trimethyl-3, 4-pyTroledicarboxy- 
late (362) 

Glucose phenylmethylhydrazone (65) 
lonone (176, 410) 

Ethoxymethylenecamphor (61®) 
Propionylcamphor : EtOH (+NaOEt) (616) 
Methyl methylcamphoroarboxylate (6i6) 

Ethyl camphorcarboxylate : NaOEt (616) 
Dimethylundecatriene (560) 

Menthyl pyruvate: C.H. (559) 

Anthraquinone (36, 432,^ 464); EtOH (609); 
Vap. (531) 

Phenanthraquinone (36, 406, 432 

O-Ketofiuorene-^t-carboxylic acid: EtOH 
(616) 

PhthalanU: EtOH, HtSO. (500) 

Nitroan throne: EtOH, CHCl, (* 66 ) 


I 


‘4 


i 






ic 
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Formula 


Name, solvents and literature 


Ultra 


CmH 


10 


C 14 H 10 

C 14 H 10 

CuHioO 

CuHioOi 

C 14 H 10 O 1 

Ci4HioOtSi 

C 14 H 10 O 1 

C14H10OS 

C14H10O4 

CuHuNO, 

C 14 H 11 NO 1 

C, 4 Hi,NO, 

Ci 4 HiiO» 

C14HII 

C14H11 




IS 


C. 4 H,JN 

Ci*H,JN 

c.*h„n,o 

Ci4HisNsOt 

Ci4HitNiOs 

Ci4HitNsOi 

CuHisNsOs 

C14H11N4O* 

C14H11O 

C14H11O 

Ct 4 HitO 

Ci 4 HiiOt 

C14H11O1 

C14H11O1 

C14H11NO1 

Ci4HuN8 

Ci 4 HisNaO 

Ci 4 HtsNsOs 

C|4HuN|Oi 

Ci 4 HitNiOs 

Ci 4 HiaNa 04 

Ci4Hi«N404 

C14H1IN404 


C, 4 H 


14 


-violet^ and Visible. — {Conlinued) 

Anthracene EtOH 

335,1 4264 4314 483.*); (CH,),CO, CHCl,. 
ligroin, xylene, isoBuOH, EtiO, amyl ale. (<*«) 
Phenanthrene (42, l«5j); EtOH (3«l,4*lj); 
hexane 

Tolane (♦»*); EtOH («>») 

Diphenylketene: hexane 
Indonecyclomethylacetoethylene (•'*) 

Bensil (3®); EtOH (***); c/. p. 360 
Diphenyl dithiooxalate: EtOH (**®t) 
o-Benzoylbenzoic acid: EtOH Na salt: 

NaOH (*®3) 

Oxyphenylphthalide, and neutral alkA.lj salts 

(462, 463) 

Diphenyl oxalate: EtOH (•••) 
an/i(8yn)-Benxiloxime: EtOH (**^); Na salts: 
EtOH 4- NaOH (**7) 
p-Nitrostilbene: EtOH (3*®) 
p-Nitro-p'-hydroxystilbene: EtOH (+NaOH) 

(315) 

2, 4-Dihydroxy-o-benzoylben*oic acid (484.2) 
Dihydroanthracene (®®) 

Diphenylethylene: hexane 

p. 360 

Stilbene^ EtOH (42, I17, 247, 315 , *84, *88, 

*83, 423, 618); CHCls (3»3); p. 360 
Phenanthridine methiodide (•*•) 

Acridine methiodide: EtOH, NaOH (•*•) 
Phenylglyoxal phenylhydrazone (®®) 
p-Acetylbenzeneazophenol: EtOH (+NaOH) 

(316) 

Benzeneaiophenyl acetate (^®®t) 

Piperonal phenylhydrasone: EtOH (+AcOH) 

(6*0) 

dl'm-Azophenolmandelic acid: EtOH, NaOH 

(83.8) 

Methyl-o(p)-tolylpicramide: EtOH (**•) 
Phenyl bensyl ketone: EtOH, Vap. (®*^) 
Desoxybenioin : CHClj (*•*) 
p-HydroxystUbene: EtOH (4- NaOH) (3* ».»•») 
Benzoin: v. p. 360 

3-Acetyl-l-phenyl-4-methyl-l, 3-cyck>buta- 
diene-2-carboxylic acid: EtOH (®**) 

1, 2-Diketo-5-acetyl-3-phenyl-4-methyI-d*- 
cyclopentene, and Na salt: EtOH (®**) 
4>Keto^acetyb5>bensylidene>2>methylhydro- 
furan (®**) 

1, 2-Diketo-6-acetyl-3-phenyl-4-methyl-d*- 
cyclopenteneoxime: EtOH (®*3) 
N(8)-Methylthiobenianilide (®®®) 
Acetylaminoazobensene: EtOH (®*®) 
Acetophenone p-nitrophenylhydrasone: EtOH 
+ NaOH (314) 

o(m, p)-Nitrobensa]dehyde phenylmethylhy- 
drazone: EtOH (®®) 

o(m, p)*Nitrobenseneaiophenetole (®®t) 

3, 5-Dinitro-4(6)-anilino-o-xyIene; EtOH (®^^) 
Ethybsn, pKlmitroasoaminobenzene : EtOH 

(883) 

fn(p)-Nitroben8eneaioethylainino-p>nitro- 
benzene: EtOH (••*) 

Dibenzyl (»^t «. ®»*); EtOH (**Tt »®®» »»»f 
«»•); p. 360 


Formula 

C14H14N1 

CiiHiiNi 

Ci4Hi4N*0 

Ci4Hi4NfO 

C 14 H 14 NSO 

C14H14N1O 
C 14 H 14 N 1 O 

Ci4Hi4N|0 

CuHuNfO 

Ci4Hi4NsOs 
Ci4H,4N4 
CI 4 H 14 N 40 S 

C 14 H 14 N 404 
CI4HI40S 
CmHuOxS 
C14HI404 

C14H14S 

CuH.^N 

C!4Hi»NOi 
C14H14NI 


CuHiiNaO 

C14H14NIOIS 

CuHii 

Ci4HiiClNa 

Ci4H(|C1|04 

CuHifNtOt 

CmH 14N4 

C14H14N4 

CiaHicO 

Ci4H||0« 

Ci4Hi»N04 

CiaHtaOi 

CiaHtaOa 

Ci 4 Hao 04 

CiaHitOt 

C 14 HJ 1 NO 4 

Ci 4 HttOt 

Cr«HiiOi 

Cl 4 Hf 40 s' 

CiiHsNiO 

CisHfOt 

CisHt*NfOi 

Citf^iaO 


literature 

Lcetophenone phenylhydrasone: EtOH + 
AcOH (40) 

Benzaldehyde phenylmethylhydrazone: EtOH 

(<®) . 

Anisaldehyde phenylhydraaone: EtOH 4 
AcOH («30) 

BenzeneaEo-m(p)-creeetole: EtOH, HCl (O*®) 
Benzeneazophenetole ('oo^ EtOH (*®*i 

•33); HCl (•33) 

Benzoylcarbinol phenylhydrasone (4®) 
p-Hydroxybenzaldehyde phenylmethylhy- 
drazone: EtOH, NaOEt (*34) 
lalicylaldehyde phenylmethylhydrazone: 
EtOH, NaOEt(®»4) 

»-Tolueneazo-p-creeol : EtOH, HQ, NaOEt 

(633) 

Lzoxyanisole (®*0» ®4®) 

Glyoxal phenylosazone (4®) 

Nitrobenzeneazodimetbylaniline (44) 
m(o)-Dmitrotolidine (4^7) 

Dibenzyl sulfoxide: EtOH (*••) 

Dibenzyl sulfone: EtOH (**•) 

Dimethyl cinnamy lidenemalonate : H$0, EtOH 

(38) 

Dibensyl sulfide: EtOH (*«•» ®»«t) 
Dibeniylamine: EtOH (®3^)^ 
Diketo-p-cumylpyrroline: EtOH (®**t) 
p-Diniethylaminoaiobenfene: EtOH (3®»3i*, 
228, 238, 634); acid (*8, 216, 328, 333); alk. 
(228, 233) 

p-DimethylaminobenseneasopheDOl: EtOH, 

HCl (**•) 

Dimethylaminoazobenzenesulfonie acid: 

H,S 04 (**»); Na salt: H,0 (*»») 
Tetramethylnaphthalene (**4) 
Dimethylaminoazobenzene hydrochloride: 

EtOH 4 HCl (»*•) 

Diethyl p-dichlorodimethoxyterephthaUte: 

(*3«) 

Phenylazodimethyldihydroreeorcinol : EtOH 

(4CsH*N), (4NaOEt) (40i) 

p-Aminobenzeneazbdunethylaniline: EtOH 4 
. HQ (318) 

Dimf>trhylammo*^**nzenew 80^*1™”* EtOH 4 
HQ (»*•) 

6-Acctyl-3-phenyl-4-methyl-A*-cycIopentene: 

CsH, (■»*) 

Diethyl dimethoxyterephthalate (**•) 

Diethyl collidinedicarboxylate: EtOH (•*•) 
Myrtenyl crotonate (•••) 

Ethyl camphorylideneacetate: P (®®*) 

Methyl camphocarboxyUte acetate: (4*4) 
^ethyl dimethylsuccinylzuccinate : EtOH 
(3*8) 

Diethyl dihy^roooUidinedioarboxylate (*4), 

EtOH (»••) 

Butyrylcamphor (4**) 

Myrtenyl butyrate (■••) 

Menthyl aoetoaoetate: P (•••) 

Ketohydrindenopbenasine (®**t) 

Benzylidene phthalido: EtOH, HsflOi (® ) 

Benzeneazocarbonylooumaranone: EtOH 
(4NaOEt) (487) 

PfiAnvlhmiBnvlseetvlene: EtOH C^®) 
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FormuU 


Name, solvents and literature 


CiiHiiNO: 


CuHiiNiO 

CuHiiNtO 


CiiHiiNt 


CuHisNs 

CiiHitNsOs 

CuHitNiO« 


CuHttN40 


CuHiiO 

Ci»HiiOi 

CuHitOs 

CiftHiiOsSs 

CiiHiiNOs 

CiftHiiNsOi 


CuHt4 

CuHt4NiOt 


CuHuNfOt 

CuHuO 

CuHuO 

CuHt40 

CuHiiNtOt 


CuHuN |04 


CuHuN|04 


Ci»HiiN|04 


CuHuNiOi 


CuHi^NiOi 


CuHii 

CuHi.N, 

CuHuNi 

Ci4Hi4N,C 

Ci4Hi4N,0 


CuHuNiO 


CuHifNsO 

CuHiiNtO 

C 14 H 1 CN 4 

CuHiiOi 

CuHnBrNt 


CuHnNi 


CttHirNiO 


CuHirNtOtS 


CuHia 

CuHitQNi 


Ultra-violet and Visible. — (CorUimted) 

Isonitrosodibensoy Imethane : EtOH, NaOEt 

(400) 

Quinolineasophenol : EtOH 
5-BenBeneazo-S-hydroxyquinoline: EtOH, HCl 

(189) 

Phenanthridine methocyanide: EttO, CHCli 

(6*9) 

3, ^-Diphenylpyrasole 
Furf uramide : EtOH 

Benxenehydracocarbonylcoumaranone: EtOH 
(-f-NaOH) (487) 

5-p-Aminobeiiseneazo-8-hydroxyquinoUne : 
EtOH (*4») 

Benzalacetophenone (464, 619) 
cr>Phenylcinnamic acid: EtOH (6*4) 

Phenyl cinnamate ( 4 * 4 ) 

Diphenyl dithiomalonate: EtOH C*®*!) 
p-Nitro-p'-methoxystilbene: EtOH ( 6 **) 
p-Nitrobenzaldehyde phenylhydrasone, acetyl 
derivative: EtOH (614) 
o-Methylatilbene: EtOH (** 4 , 39 S) 
p-Acetylbenzeneazo-p-cresol: EtOH 
(+NaOH) (»i«) 

Benzeneazophenyl propionate ('•*) 
Benzylacetophenone : EtOH (4^®) 

Dibenzyl ketone: EtOH (®67) 

Methoxystilbene : EtC)H (***» 6*4) 
Nitroacetophenone phenylmethylhydrazone : 
EtOH (40) 

4, 6-Dinitro-3-p-toluidmo-o-xylene: EtOH 

(477) 

3, 5-DinitPO-4-p-toluidino-o-xylene: EtOH 

(477) 

3, 6-Dinitro-4-benzylamino-o-xyleDe: EtOH 

(477) 

3, 5-Dinitro-4-<;(p)-anisidino-o>xylene: EtOH 

(477) 

3, 5-Dmitro-6-o(p)-aniHidino-o»xylene : EtOH 

(477) 

Phenyl-2, 4-xylylmethane: EtOH (467) 
Benzylidene-p-dimethylaminoanil (*67) 
p-Dimethylaminobenzylideneanil (667) 
«-Dibenzylcarbanude: EtOH (* 6 *) 
Anisaldehyde phenylmethylhydrazone: EtOH 

(6*4) 

o-Methoxybenzaldehyde phenylmethylhydra- 
zone: EtOH (**4) 

p-Tolueneazo-p-creeetole: EtOH, HCl ( 66 *) 
Benzeneazophenyl propyl ether (***t) 
Pynivaldehyde osazone ( 44 ) 

Picrotoxinine: EtOH (*64) 

p-D imothylamino benzylideneanil hydro- 
bromide (664) 

Dimethyl-o»toluidineazobensene: EtOH, HCl 
(***) 

p-Methoxyben*eneaiodimethylaniline: EtOH, 
HCl (***, *18) 

Dimethyl-o-toluidineasobenzeneeulfonic acid : 
MeOH, EtOH -|- HQ (*»*) 

Azulene (*•*) 

Benzeneazophenyltrimethylammonium chlo- 
ride (**»); H*0, HCl (*66) 


Formula 


CiaHitlNi 


CuHiiNjOi 


Ci4Hi»N40: 


CitHuOi 

Ci»HiiO» 


CuHiiNO 


CiftHsa 

Ci4Hi40i 

CuH«Oi 

CuHb04 

CiaHtNO, 

C 14 H 10 

CifHiiNOt 

Ci.HnNO, 


CibHuNO; 


CieHiiNOa 

CibHiiNiO* 


CibHiiNiOiS 


CibHiiNiOb 


CibHi* 

CibHiiN* 

CibHiiNjO 


CibHiiN iO 


CibHiiN iOi 


CibHiiOi 

CiiHiiOt 


CisHisBrNi 

CieHijClNi 

C.bH.bN 

CibHu 

Ci.Hn 

CiiHibOiSi 

CibHibOj 

CibHibN 

CibHibNiO 

CibHib 

CibHib 

CibHibN iOi 

CibHib 

CibHibNi 


CibHibNiO 
CibHibN lOi 
CibH|bN|0| 
CibHibN. 
C 1 .H 1 .N 4 

CibHibN 4 O 1 


Name, solvents and literature 


Benzeneazophenyltrimethylammonium iodide 
(*29, 619); Eton (*», 2 i«); HiSO., Ha (*») 
Phenylmethyl hydrazodimethyldihydrorc- 
sorcinol: EtOH (4®i) 

Antipyrine-4-azoethyl methyl ketone: EtOH 
(+NaOEt) (478) 

Santonin: EtOH (44*) 
Diethylbenzoylsuccinate (*4) ;EtOH ( + 

NaOH)(* 6 ) 

Ethyl ethoxy-1, l-dimethyl-A*-cycIohexenyli- 
dene-5-cyanoacetate : EtOH (***) 
Caryophyllene : EtOH (***) 

Diethyl camphocarboxylate (414) 

Menthyl isopropylacetate (**0) 

Diphthalyl: AcOH (400) 

Cyanobenzalphthalid (* 00 ) 
Diphenyldiacetylene: EtOH (*!•) 
Diphenylmaleinimide: EtOH (***) 

1, 3-DLketo-2-benzylidenehydrindamine: 

EtOH, AcOH (»i«) 

2, 3-Diketo-4, 5-diphenylpyiToline: EtOH 

(512) 

Berberidic acid (**^); HiO (*40) 
o(m, p)-Nitrobenzeneazo-a-naphthol : EtOH, 
NaOEt (44) 

Diphenylthiovioluric acid: (4**); Li salt: 

MeOH (402); K salt: Me,CO (40*1) 

Diphenylvioluric acid: CHClj (***»**l); 

Aik. salt; Me^CO, CHCU, AcOH (2*1); 

salt: MeiCO, CHCl, (***); U salt: Me, CO 
( 22 *) 

Diphenylbutenine; EtOH (®i®) 

2 , 6 ( 6 )-Diphenylpyrazine (* 35 ) 
/^-Naphthoquinone phenylhydrazone ; EtOH, 
NaOEt (*64) 

Benzeneazo-ot(/3)-naphthol: EtOH (-f*NaOEt) 

(183, 634) 

p-T o 1 u e n e a z oformyloxycoumarone : EtOH 

(457) 

Diphenyidiketocyclobutane: Et,0 (670,j 37 i j) 

Ethyl 9-ketofluorene-4-carboxylate; EtOH 

(616) 

2 , 6 ( 6 )-Diphenylpyrazine hydrobromide (* 35 ) 

2 , 6 ( 6 )-Diphenylpyra 2 ine hydrochloride (* 35 ) 
ot(/9)-PhenylnaphthyIamine: v. p. 360 
Distyrene, solid and liquid: EtOH (** 2 ) 
Diphenylbutadiene: EtOH (*7®); /*/. p. 360 
Diphenyl dithiosuccinate: EtOH (® 66 -|*) 

Ethyl o-benzoylbenzoate: EtOH (2 83) 
Cinnamylidene-p-toluidine: EtOH (* 62 ) 

Phenyl styryl ketone semicarbazone (2®*) 
p-Dimethylstilbene: EtOH ( 393 ) 
a, /3-Dimethylstilbene: EtOH ( 393 ) 
Benzeneazophenyl butyrate (*®*t) 
Diphenylbutane: EtOH ( 3 » 3 , 6 i 9 ) 

Qliminal phenylhydrazone: EtOH (-|-AcOH) 
^« 6 ») 

Benzeneazophenyl butyl ether (*®®t) 
Azophenetole : EtOH (H- NaOEt) (*64) 
Azoxyphenetole: EtOH (* 26 ^) 

Diacetyl phenylosazone: EtOH ( 45 ) 

Glyoxal phcnylmethylosnzone <'45) 

.Vntipyrine-4-azoacetv!acetone; EtOH 
( + NaOEt) (478) 
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Formula 


Name, solvents and literature 


Formula 


Name, solvents and literature 


C1.H1.CIN4 

CiJIuN 

C1.H1.O4P 

C1.H1.P 

Ci.Hi.N. 

C1.H14N1O 


Ci.Hi.NiOt 


Ci.Hi6NiOt 


Ci.HieNi04S 


Ci.Hi60t 


Ci.Hi.Ot 


Ci.HuO. 

CiJIi.O. 

Ci.HiTBrNtOi 


Ci.Hi7C1N]0i 


CitHtiNO. 

Ci.Hit 

C 1 .H 10 O 1 

CiiHiiNO. 

Ci.HiiBrN04 

Ci.HisClNOi 

Cl JIjjN.04 

Ci.HnO 

Ci.HitOi 

CiiHijO. 

Ci.H„N ,0 

CiiHi.Of 

CiiHuNiO. 

CisHmOS. 

C1.Hj.O4 

C1.Hj.O4 

Ci.H.jOt 

Ci.HijO. 

ClHi.O. 

Ci.HuOj 

C 1 .H 1 .O 4 


Ci.Hi.BrNt04 


C 1 .H 1 .N 

Ci.HiaN 

Ci.Hi.N.O. 


C 1 .H 11 N.O 7 


C 1 .H 14 CIN 

Ci.HhNjO 

CitHi.NjO. 

Ci.HuNjOj 

Ci.HuNjOj 


C 1 .H 14 N 4 O 1 

Ci.HuO 

Ci.HhOj 

Ct.HuOi 


Xntra-Tiolet and Viaible.— (Continued) 

Phenosafranine chloride: HjO, HCl (**) 
Triphenylamine (^*9); EtOH (13) 

Triphenyl phosphate: EtOH, Vap. 
Triphenylphosphine: EtOH, Vap. ( 2 ^ 2 ) 
Diphenyl-p-phenylenediamine 
Benzeneazo-o-naphthyl ethyl ether: EtOH 

(634) 

I, 3-Diketo-2-p-dimethylaminobenzylidene- 
hydrindamine: AcOH (®'®) 

p, p'-Dimethoxy-2, 5(6)-diphenylpyrazine : 
CHCl. («35) 

Toluene- p-sulfonylmethyl-l-nitro-^-naphthyl- 
amine: EtOH (^^2) 

Elimethyldiphenyldiketocyclobutane : hexane 

(370J, 371J) 

Benzylideneanisylideneacetone: EtOH, H 2 SO 4 

(13) 

a-TruxUUc acid: EtOH 617) 

/^TruxilUc acid: EtOH (617) 
p, p -Diinethoxy-2, 5(6)-diphenylpyrazine hy- 
drobromide: CHCli (636) 

P» p'-Dimethoxy-2, 5(6)-diphenylpyrazine hy- 
drochloride: CHCli (63 5) 

Corydic acid: HjO (l<o, 287) 

Retene: (* 6* f) 

Piperonylidenecamphor (214) 

Codeine (»40t, I95j, 264); EtOH («06j) 

0- Hydroxycodeine hydrobromide: HjO ('42j) 
Codeine hydrochloride: H.O (666J) 
Glucosazone ( 46 ) 

m(p)-Tolylidenecamphor: EtOH (214) 
m-Methoxybenzylidenecamphor; EtOH (2i4) 
Anisylidenecamphor : EtOH (214) 
Dipropylaminobenzeneazophenol: CHCl. (250) 
Anisylcamphor; EtOH (214) 
p-Toluenediazo-^semicarbazinocamphor (* 67) 
Benzyl menthylxanthogenate: EtOH (®7) 

Amyl camphorcarboxylate acetate (4*4) 

Ethyl camphorcarboxylate valerate (4*4) 
Stearolic acid (423) 

Menthyl a, o-diethylacetoacetate: C«He (659) 
Elaidic acid (423) 

Stearic acid (423) 

1- Hydroxy-5(8)-methoxynaphthacenequi- 
none: EtOH, NaOEt, HjSO., H.BOi (<») 

Bromodinitrotriphenylmethane : EtOH (244); 

Na salt: EtOH -|- C«H« (244) 

Fluorenoneanil; CHCl. (643) 

Phenylacridine: CHCl,, EtOH (223) 
Trinitrotriphenylmethane: CHCl, (244); Na 
salt: EtOH + C.H. (244) 

p-Trinitrotripheny!carbinol: CHCl,, MeOH 

(23») 

FluorenoneanU hydrochloride: CHCl, (634) 
Benzoylazobenzene: EtOH (467) 
Benzeneazophenyl benzoate (*9«t) 

p-Benzoquinonebenzoylphenylhydrazone'(633) 
p-Benzoylbenzeneazophenol («33)- EtOH 
(+NaOH) (316) 

p-Nitrobenzylideneaminoazobenzene (496) 

Fuchsone (6.6, 228, 483.4, 579) 

Benzaurin: EtOH, HCl (483.4, 484.3) 

Aurin: KOH, EtOH, HCl (483.4) 


C 1 .H 14 O.S 

Ci.HuCl 


CigHuN 

Ci.HitN 

C 1 .H 1 .N 

Ci.Hi.NOj 


C.gHisNOj 

Ci.Hi.NOiS 
Ci.Hi.N. 
Cl. Hi. 


Ci.HiflBrN 


Ci.HuClN: 

Ci.HiJN 


Ci.HieO 


Ci.Hi.O 

Ci.HieOj 

Ci.HiflOiS 

Ci.HjjNOj 


C 1 .H 17 N, 

Ci.HiJP 


Ci.Hi.O, 


Ci.Hi.NO. 
Ci.H jiNO, 
Ci.HjjCINO, 

Ci.HjjNjO 

Ci.HjjNjO 
Ci.H jjNjO 


Ci.HjjNjOj 

Ci.H2,NjOj.2HjO 

Ci.HjjNjO. 

Ci.HjjO 

Ci.HjgClNjO 

C 1 .H 24 N 2 OJ 

Ci.H2«0, 

C 19 H 2802 

C2oH4Br4Cl404 


C20H.C14I4O4 
c 20 H.Br 40 . 

CioH.I.O. 

C2oHioBr404 


C 20 H loCljO, 

C2oH,oCl404 


C 20 H 10 I 4 O 4 


CaoHi20, 

C 20 H 12 O. 


CaoHi* 

C 30 H ; I 


PhenolHuIfonephthalein: EtOH, KOH (333J) 
Triphenylchloromethane: EtOH (*3, 408, 

483.3); CHCl, + SnCI* (406); EtaO (S*®) 
Diphenyhnethylidenephenylimine (337) 
Dihydrophcnylucridine (*46) 
Benzophenoneanil: CHCl, (®43) 
p-Nitrotriphenylmethane and Na salt: EtOH 

(244) 

Phenyl diphenylcarbamate: EtOH, Vap. (® 22 ) 
Phenylacridonium sulfate: EtOH (223) 
Benzylideneaminoazobenzene (496) 
Triphenylmethane: EtOH (>3, 443 483.3); 

EtaO (5-5) 

Diphenylmethylidenephenylimine hydrobro- 
mide (337) 

Benzophenoneanil hydrochloride: CHCl, (*43) 
Diphenylmethylidenephenylimine hydroiodide 

(337) 

Triphenylcarbinol ( 4 * 9 , 2 ); H 2 SO 4 (*3); EtOH 

(13, 483.3); EtjO (6-5) 
p-Hydroxytriphenylmethane (5*6) 
p-Hydroxytriphenylcarbinol (®-6) 
Triphenylcarbonium sulfate (228, 406, 579) 

2, 3-Diketo-4-phenyl-5-p-cumylpyrroline: 
EtOH (512) 

Triphenylguanidine: EtOH (522) 

Triphenylmethylphosphonium iodide: EtOH, 
CHCL, H 2 O (242) 

Dianisylideneacetone: EtOH, H 2 SO 4 (* 3 , 
406); CHCl, + SnCL (406) 

Bulbocapnine (*40); EtOH (287) 

Thebaine: EtOH (264) 

Thebaine hydrochloride: HaO (*06^) 
Cinchonidine (140|); EtOH (*64) 

Cinchotoxine: v. p. 360 
Cinchonine (264); EtOH (140, 143, 

( + HC1) (143);c/. p. 360 
Cupreine (140-j-); EtOH (13®) 

Ajx)quinine: v. p. 360 
Quitenine: v. p. 360 
Cinnamylidene camphor (®34) 

Cinchonine hydrochloride; v. p. 360 
H 3 'drocupreine: v. p. 360 
Menthyl benzoylacetate: C.H. (659) 

Menthyl hydrocinnamate (560) 

Tetrabromophenoltetrachlorophthalein: 

EtOH, KOH (333{) 

Tetraiodophenoltetrachlorophthaleiii (333^) 
i:o8in:’HaO (439); alk. (467); EtOH (482 j) 

firythrosin: HaO (439) 

Tetrabromophenolphthalein: EtOH, KOH 

(333 j); NaOH (462, 467); Neutral alkali salts 
(462) 

Dichlorofluoran; EtOH (484.2) 
Tetrachlorophenolphthalein; EtOH, KOH 

( 184 , 333 |) 

Tetraiodophenolphthalein: EtOH KOH 

(333t) 

Fluoran: EtOH, (48 '. 2 ) 

Fluorescein (462); H^O ( 439^1 466); EtOH 
AcOH, ILSO 4 , HCl, KOTI (484.2);' Neutral 
alk. salts (462); Xa salt: HjO (466) 

Beiizyliilcncfliiorcne: EtOH (392) 

0, Dinaphthyl: EtOH, CoH. (323) 
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Formula 


Name* solvents and literature 


CioHiiNjO 

C 10 H 14 O 

CioHuO 

CtaHi40s 

CioHuO* 

CttHnOt 

CioHhOsS 

CioHuOt 

CioHuO* 

C 10 H 14 O 4 


C30H14O4 

C10H14O4 

CloH 14 

CioHiaClN 

C30H14IN 

CioHuNiO 

CioHiiNiOi 

CioHuNtOi 

CtoHiiO 

CioHitO 

C30H14O* 

CioHitO# 

C30H17NO 

CioHnNiO 

CioHuClNO* 

C30HUN3 

C,oHiaN ,0 

CioHuNiOi 

CsoHigNiOr 

CioHitN* 

CioHiiNaO 

CioHitO* 

CioHisOi 

CioHitO* 

CioHitNO* 

O30H30CIN* 

C 30 H 30 N 1 O 4 

CsoHioO* 

CioHiiBrN 1 O 4 

CioHuClNiOa 


Ultra-violet and Visible. — {Continued) 

a, a-Asoxynaphthalene, ((ujo forme): EtOH 
( 121 ) 

Bensoylfluorene: EtOH (®®*) 
Diphenylenephenylvinyl alcohol: EtOH (3®*) 
Phthalophenone: EtOH, HiSO* (soo) 
Diphenylphthalide: EtOH, HiSO*, KOH 

(483.2) 

Terephthalophenone: EtOH, ligroin (7*) 

^-Naphthol sulhdes: EtOH (***) 

Ethyl o^^o-chrysoketone-l-carboxylate: EtOH 
( 616 ) 

Hydroxydiphenylphthalide: EtOH, H3SO4 
( 462 , 463 ); Neutral alk. salts ^® 3 ) 
Phenolphthalein ( 462 ); EtOH, KOH (333^); 
H3SO4 ( 463 . 465 ); CHCl, -hSna* (®« 3 ); 

H, 0, Na salt (4«6); NaOH ( 467 ); Neutral 
alk. salts ( 462 , 463 ) 

Isophenolphthalein ( 483 . 2 ) 

Diphenyl phthalate: EtOH (63*) 
a-Phenylstilbene : EtOH (3*4); CHCl* (3»2, 

393) 

Phenylacridonium methochloride: CHCl*, HCl 

( 223 ) 

Phenylacridonium methiodide; CHCl* (**3) 
Benzilphenylhydrazone: EtOH (-hNaOEt) 

( 45 ) 

o-Benzoylbenieneazo-p-cresol: EtOH (633) 
p-Benzoylbenxeneasocresol: EtOH (-|-NaOH) 

( 316 ) 

Triphenylvinyl alcohol: CHCl* (3»2) 

Fuchsone of o-cresyldiphenylcarbinol (6*6) 
Triphenylacetic acid: EtOH (** 2 ) 
Quinolphthalein, alkali salts ( 462 ); NaOH 

( 467 ); H ,0 ( 466 ) 

N-Methylphenylacridol: MeOH, CHCJl*, EtiO 

(» 46 ); Salts ( 3 > 5 t) 

p-Methoxybenzylideneaminoazobenxene (4®®) 
Berberine chloride: EtOH, -|-KOH (6*0); H*0 

( 606 |) 

Desoxybenzoin phenylhydrazone ( 48 ) 
aO)-Benzoin phenylhydrazone ( 48 ) 

I, 2- Diketo- 5-acetyl- 3- phenyl- 4- methyl- A*- 
cyclopentene phenylhydrazone: EtOH (6*3) 

Berberine nitrute: H3O (* 40 ) 
Pbenylglyoxalosazone ( 45 ) 

p- Ac e tylbenzeneazophenol phenylhydrazone : 
EtOH -h NaOH (3i6) 
3-Methyl-4-hydroxytriphenylcarbmol ( 6 » 6 ) 
Dimet hyl benzoyl--^ - phenylvinyhnalonate : 
EtOH (92) 

Dimethyl 3-ben2oyl-2-phenylcyclopropanedi- 
carboxylate: EtOH (®3) 

Berberine (36*); EtOH («o«Ji 630-f); HiO 

(630t) 

Fuchsine: dil. HCl (* 29 , 233 ) 

m, m', p, p'-Tetramethoxy-2, 6-diphenyl- 
pyrazine: CHCl* («35) 

Dimethyl y-benzoyl-^phenyletbylmalonate; 
EtOH (»2) 

Pf p -Tetramethoxy-2, 6-diphenyI- 
pyrazine hydrobromide: CHCl* (6*8) 
m, m', p, p'-Tetramethoxy-2, 6-diphenyl- 
pyrazine hydrochloride: CHCl* (638) 


Formula 

CsoHjiCltN* 

C30H11NO4 

C30H11NO4 

CioHisClNO* 

C 10 H 33 N 1 O 3 

CieHtsNsOi 

CtoHsiO* 

C30H34N3O3 

C*oH34N30| 

CsoHtiNiO* 

CioH*4N30i 

C30H3404 
C 30 H uClNiO* 

CsoHuNO* 

CjoHuNO* 

CtoHieNi 

CsoH*eN 30 i 

Ct^HstNiO* 

C 3 oHt*N 404 

C31H14N3 

C3iHi*N40 

C31H14O 

CsiHitO* 

CiiHijCIO* 

CiiHi*N *0 

CjiHigNtO, 

C*iHiiO 

C*iHi*OiS 

CiiHiiS* 

Ci.HtoClN.O 

CsiHioClNjOiS 

C11H30N4 

C3iH3(>N40* 

C31H30O 

CsiHsoO* 

CsiHsoOf 

t 

C31H30O4 

C11H10O4 

C31H3IN 

CsiHiiNO* 

CsiHiiNQ* 

C*iHsiO*P 

CtiHfiClNO* 

C*iHs*NsOi 

CsiH*iOi 

C31H33O* 


Name, solvents and 

Fuchsine hydrochloride (33*) 

Papaverine: EtOH ('4®* 364, 167, to# j' 
Tetrahydroberberine (**^t); EtOH (*40, 217) 
Papaverine hydrochloride: HiO (•••J) 

1 , 4-Dibenzoyl-2(3)-dimethylpiperaxiDe:£tOH 
(820) 

Hydroquininone; p. p. 360 
Camphorylidenebenxylideneaoetone: CiH* 

(889) 

Chinotoxine: v. p. 360 
Quinine (135, 140 , 143, 264, 287); p. 36 O 
C^inidine (140, 264) 

Isoquinine: v. p. 360 

Ethyl camphorcarboxylate benzoate (4*^) 
Quinine hydrochloride (i**); tf. p. 360 
Laudanine: EtOH (130, I 8 I) 
Tetrahydropapaverine (* *Lt EtOH (14*) 
Ethylidenexylidine (*63) 

Hydrochinotoxine: v. p. 360 
Nitrocamphor anhydride: EtOH (4**) 
Glucosemethylosazone (48) 

Phenylacridine methoeyanide: EtsO, CHCl* 

(629) 

Triketohydrindene diphenylhydraione: EtOH 

(516) 

Benzylidenedesoxybenioin (*34) 
a, a'-Distyryl-'y-pyrone: EtOH, HtSO* (^*) 
a, ot'-Distyryl-i^pyrone hydrochloride: EtOH, 

HCl (76) 

Benzil phenylmethylhydrazone (4*) 
Benzoylbenzeneazo-p-cresetole (*33) 
Dicinnamylideneacetone (41®); EtOH, CHCl* 
+ SnCl*, HjSO* (+AcOH) (40*) 
o-Cresolsulfonephthalein: HtO, acid, alk. 

(484J) 

Trithiobenzaldebyde (6*4) 
Antipyrine-4-azonapbthylamin6 hydrochlo- 
ride: EtOH (478) 

Antipyrine-4-azo-/S-naphthyIamine-6'-eulfonic 

acid hydrochloride: EtOH (47*) 
Phenylglyoxalmetbylosazone (4*) 
Antipyrine-4-azobenzoyIacetone: EtOH, 
-l-NaOEt (478) 

Triphenylcarbinyl ethyl ether: Et*0 (*••/ 
o-Creeolbensein : EtOH, HCl, HfSO*, KOH 

(484.3) 

Dimethyl 2-phenyl-3-methylbenioyIcyclopio- 

panedicarboxylaie : EtOH (•*) 

Dimethyl ^-amsoyl-y-phenylvinylmalonate: 

EtOH (•*) 

Dimethyl 3-anisoyI-2-phenylcyclopropan6di- 

carboxylate: EtOH (**) 

Tribenzylamine: EttO (•**) 
Methyldihydroberberine: EtOH (*36) 
Hydraatine: EtOH (140, *87, 603|); Et*0 

(603J); H,0 (60#t) 

Tri-o(p)-tolyl phosphate: EtOH (•**) 
Methyldihydroberberine hydrochloride: EtOH 
(630) 

Strychnine: EtOH (*64) 

Dimethyl benzoylphenylpropylmalonate : 

EtOH (•*) 

Dimethyl 'r-anisoyl-^-phenylethylmalonat** 

EtOH (83) 
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Formula 


I 


Name, solvents and literature 


Formula 


Name, solvents and literature 


CtiHitNOi 

CnH«aN04 

C,»H*4C1N0. 

OsiHmOio 

CsiHuN04 

C.iHhN,0, 

CnHrN04 

CsiHssK^t 

CiiHuOi 

CjiHioO* 

C 11 H 14 

C„H,4 

CmHi404 

CsiHuNi 

C„HuClN, 

a 

CisHnNsO 

CmHiiOj 

CiiHi^4 

GtsHitNOi 

CfsHitNOtSt 

GuHi»NiO 

GttHiiClOi 

CmHmOi 

GtsHsi04 

CssHh04 

GtiHts04 

GftHsiNOr 

GitHuNOj 

GttHttNOa 

CiiHiiNfO 

GnHtfNOf 

CttHjiNsOi 

GiiHnN04 

GttHi40iSi 

GnH>40iS« 

0nHi40.84 

CstH|40|S4 

CisHioOt 

CiiH4tOi 

GttH4s04 

GnH4tOi 

CuHifNjiOi 

GuHi40i 

CuHitNi 

CuHi4N40| 

CmHi*0» 

GuHi»NiO 


Ultra-violet and Visible. — (CorUtnued) 

Cryptopine 0 ^ 7 ) 

Heroine hydrochloride: HjO 
Cryptopine hydrochloride 
Phloruine (*®®) 

Corybulbine: EtOH 
Yohimbine: v. p. 360 
Laudanofiine EtOH 0®®» 1 ®*) 

Opioquinine: v. p. 360 

Menthyl benzylideneacetoacetate: C4H4 (®®®) 
Menthyl benzylacetoacetate : C 6 H 4 (®®®)J 
Picene: C,H. ***) 

Dinaphthanthracene: C 4 H 4 (323, 325) 

1, 8 ( 9 )-Diacetoxynaphthacenequinone: EtOH, 

NaOEt, H,S 04 , H,B0, (®*) 

4, 6-I>iphenylp)TTolinophenazine: EtOH (®**) 
Aminophenylnaphthophenazonium chloride: 

H, 0 (3*9) 

2, 3-Diketo-4, 5-diphenylpyrroline phenyl- 
hydrazone: EtOH'(*'3) 

Triphenylvinyl acetate; CHCli ( 3 » 2 ) 
Phenolphthalein dimethyl ether and esters: 
CHCl, + SnCl 4 , H 1 SO 4 (®«») 
Dimethylisopropylquinophthalone : EtOH 
(489.5) 

Dimethylisopropylquinophthalonesulfonic 
acid, Na salt: H,0 (489.5) 

Phenyl styryl ketone phenylsemicarbazone : 
EtOH (-hNaOEt) (3*®) 

Trimethoxytriphenylcarbinyl chloride: (419,2) 
Trianisylmethane : EtOH (t*) 
Trianisylcarbinol: H 1 SO 4 (*®» 49®) 
Trimethoxytriphenylcarbinol: HjO + MejCO 
+ acid (419.2) 

Diethyl a (/9, 7 )-dibenzoylsuccinate: EtOH 

(234) 

GnoBcopine ('40|) 

Narcotine: EtOH (*40, 264, 287, 603j, sosj, 
®06J);Et.O (®»»t) 

Hydroxynarcotine : EtOH + AcOH (3®®) 
Gamphorquinone diphenylhydrazone (4®) 
Diaoetylcodeine : EtOH (3®®) 
Dehydrocorydaline nitrate: HiO ('4®» 387) 
Corydaline (iSTf); EtOH ('40, 287) 
Fenohylxanthic acid thioanhydride (9?) 
Bomylxanthic acid thioanhydride: EtOH (97) 
Bornyl dixanthogenide : EtOH (*3) 
Fenchyldixanthogenide (93) 

Behenolio acid (4**) 

Erucic acid ( 433 , 424) 
laoerueio acid (43®) 

Brassidic acid (434) 

p-BenzoyIbenzeneazo-aO)-naphthol: EtOH 
(+NaOH) (316) 

I, 3-Dibenzoyl-2-phenylcyclopropene: EtOH 

(•*) 

4-Phenyl-6, p-tolylpyrrolinophenazine : EtOH 

(il 2 ) 

Benseneazoacetylcarbonylooumaranone 
phenylhydrasone : EtOH (4*3) 

1, 3-Dibenzoyl-2-phenylcyclopropane: EtOH 

(93) 

2 , 3-Diketo-4-phenyl-6, p-tolylpyrroline 
pbenylbydrarone: EtOH (**3> 


CiiHioBr404 

CiiHtoOi 

Ci»Hjo04 

C„HnC104 

C«H„N404 

CmHjiOi 

C„H„N 40 

C«H,4aN»0 

Ci,H24N,0 

Ci,H,40 

C 2 IH 140 * 

CjiHjjNjO 

CmHj8Nj04 

CijH«0 

C„H,tN04 

C2jH|60tS4 

C,4HuN204 

C24Hi4NOi 

Ci4Hi,Cl2N, 

C 24 H 18 N 402 

C 14 H 10 O 4 

G 24 H 2204 

C 24 H 2604 

C,4H27N0S2 

C 24 HI 0 OS} 

CiiHjtClNiOt 

C24H„Cl,N20t 

C24H,*N40 

CmH^NO, 

CuHibOt 

CiiHioOt 

Ct»HioOi 

CibHuNO 

GmHbo 

C,4H2oO 

CmHm 

CwHibNb 

CttH„N*02 

CwHjbNiObS 

CmHiqOi 

CitHibO* 

C2bHi4C1iNj 

CigHieAsI 

CisHibOi 


BisCci, ^(-dibromoaniflylmethyl)pyrone: EtOH 
( + NaOEt) (36) 

a, y-Dibenzoyl-^-phenylpropane: EtOH (92) 
Bi 8 (ani 8 ylidenemethyl)pyrone: EtOH, AcOH 

(7®) 

Bi8(aniBylidenemethyl)pyrone hydrochloride : 
EtOH,.CHCl, (36) 

(U{d and /)-Phenyl(p-<iimethylaminobenzene 
azobenzoylaminoacetic acid: EtOH (®3’4) 
Dimethoxycinnamylideneacetone: HjSOb 
(+A cOH) (496) 

Antipyrine-4-azoethyl-^-naphthyiamine : 

EtOH (47«) 

Antipyrine-4-azoethyl-^naphthylamine 
hydrochloride: EtOH (438) 
Tetramethyldiaminofuchsone (338) 
Diphenylmethylenecamphor (*®9) 
Tetramethoxytriphenylcarbinol: Me»CO -|- 
acid (47 9.2) 

Gamphorquinone phenylbenzylhydrazone (4*) 
Brucine: EtOH (3®®) 
Diphenylcamphomethane (*®9) 

Narceine (264); EtOH (140, 2 ^ 7 , 605,j 606|) 

Methylene fenchylxanthate (93) 
2-Nitro-6-anilino-l-hydroxynaphthacenequi- 
none: EtOH, NaOEt, HiS 04 , H»BOi (4i) 

1. Anilino-&-hydroxynaphthacenequinone : 

EtOH, NaOEt, HjSO*, H,BO* (4*) 

Phenylaminochloroj>henazonium phenylchlo- 
ride (16) 

Bis(benzeneazo)dipheDol: EtOH (**9) 
Tribenzoin; EtOH (*32) 
Bi8(anisylidenemethyl)pyrone formate: EtOH 

(7®) 

Pentamethoxytriphenylcarbinol: MeiCO -|- 
acid (419.2) 

1, 2-Diphenyl-3-fenchyl-imidoxanthogenide 

(97) 

Diphenylmethyl menthylxanthate: EtOH (97) 
Eucupinotoxine hydrochloride: v. p. 360 
Eucupine dihydrochloride: v. p. 360 

2, 3 >Bis(p-dimethylaminoanilo)-< 3 e-hydrindone: 
EtOH (616) 

Tetraacetylmorphine: EtOH ( 379 ) 

2, 4, 2', 4', 2", 4"-Hexamethoxytriphenyl- 
carbinol (819.2) 

Menthyl a(/9)-phenylcinnamat© (*®9) 

Menthyl behzoylphenylacetate: C4H4 (**•) 
Phthalophenone anilide (* 99 ) 
Tetraphenylethylene: CHCl* (893) 
^Benzopinacolin: CHCI« (*92) 
Tetraphenylethane; CHCU ( 393 ) 

Benzilosazone (4*) 

Bifl(toluencazo)diphenol: EtOH (550) 
Benzylideneaniline sulfate (* 37 ) 

Menthyl benzylidenebenzoylacetate: CbHb 

(859) 

Menthyl diphenylmeHiylacetoacetate : G 4 H 4 

(559) 

Naphthylaminochlorophenylphenazonium 
hydrochloride (i®) 

Tetrabenzylarsonium iodide: H 2 O, CHCli 
(343) 

Menthyl o-styrylbenzoylacetate (®®9) 
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Formula 

Name, solvents and literature 

Ultra-violet and Visible. — {Continued) 

C28Ha«Nj04 

Psyehotrine ('37) 

C28Ha8N 2 O 4 

Cephaeline ('37) 

C29H4oN204 

Emetine ('37) 

CjoHnOSj 

Triphenylraethyl menthylxantiftrte: 

EtOH (97) 

CaoHa20 

Melisayl alcohol (^38 -j-) 

C,2H2,N604S2 

Tetraphenyldithiopurpuric acid: MeOH (< 02 ) 

C,2H24 

Tetraphenylquinonedimethane: EtOH, Et20 

(293) 


Congo red (332) j Na salt: acid, alk, (232) 

C 12 H 28 

Tetraphenyl-p-xylene (^'®) 

C,2H4bNO» 

Veratrine: EtOH (364) 

C„H„N,0 

Benzoyldianilinostilbene; EtOH ('66) 

C,4H,4Cl2N4 

Phenylaminonaphthylaminochlorophenazo- 
nium phenylchloride ('6) 

Ca4H24ClN4 

Phenylaminonaphthylaminophenazonium 
phenylchloride ('6) 

C,4H,.C1N404 

Mesoporphyrin hydrochloride (433j)j EtOH 
('71 1); cf. p. 300 

CmH.vNOu 

Aconitine (364) 

C 34 H (sN 2 O 10 S 

Atropine sulfate: H 2 O (®6J); cf. p. 360 

CI 4 H 48 N 2 O 10 S 

Hyosciamine sulfate: H 2 O (®3t)l ^f- P- 360 

Ct6HjeN40s 

Phyllocyanine (433j) 

CjsHmOm 

Digitalin: EtOH (264) 

C3«H4oN408 

Hematoporphyrin dimethyl ether ('7iJ); cf. 
p. 360 

CjsHao 

Hexaphenylethane ('3) 

C 40 H 26 

Tetranaphthyl (323j) 

C 40 H 60 N 4 O 8 S 

Quinine sulfate: v. p. 360 

C 40 HS 0 N 4 O 8 S 

Quinidine sulfate: v. p. 360 

C4oH,4N,08S 

Hydroquinine sulfate: v. p. 360 

C 40 HS 8 

Carotin: EtjO ('3it) 

C4oHs602 

Xanthophyllin: EtjO ('3't) 

C 42 HMN 4 O 8 S 

Methylquinine sulfate: v. p. 360 

Cs4H *2N 2 O 1 S 

Solanine: EtOH (264) 


ORGANIC SUBSTANCES OF MIXED OR UNKNOWN 
COMPOSITION. NAME, SOLVENT AND LITERA- 
TURE REFERENCE 

Albumin (265), 
iMbuminoids (^29), 

Allochlorophyllan ; CHCli (23®). 

Amino acids (129, t 357^) 

Blood sera (3 8i J). 

Cadaverine extract; v. p. 359 
Casein ( 122 ,^ 2651). 

Chlorophyll (205, j 206 j); Et^O (isof). 

Chlorophyllan: CHCl, (339). 

Hematine: acid, alk. (i^ij); cj. p. 360 
HematoF)orphyrin (^33j). 

Hematoporphyrin hydrochloride: EtOH, HjO (f't)- 
Hemin, a and ^bromo-derivatives: EtOH, H^O cf. p. 

360 

a-Hemin; EtOH, H,0 (i^i.J 433^); cf. p. 360 
Hemoglobin derivatives: HiO (^8ij). 

Hemoglobin, reduced (258 J). 

Hemoglobin, oxy- (I2 9,f 2 58 j); HjO (<33, j 480,j 481 j), 
Methemoglobin : H]0(-|-Na2CO») (257t)* 

Neochiorophyllan; CHCli (339) 

Nucleic acid (i**) 

Nucleic acid deriv. (129-^). 

Petroleum, crude oils and products of refining (•<»•* J). 
Phycocyan: HjO (625.5). 

f 

1 . 

IL 


Phycoerythrin : H2O (628.5). 

Phylloerythrin (<33j). 

Polypeptides (di- and tri-peptides) 

Starch (from maize) (*®®t)' 
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QUANTITATIVE DETERMINATION OF ULTRA-VIOLET ABSORPTION SPECTRA IN 

SOLUTIONS OF ORGANIC SUBSTANCES 

Victor Henri 


HOMBHCLATURB 


/» (reap. J) 

X (reep. X«) 

I 

( 1 ) / « 

(2) / - /or* 

(8) / - /olO*'* 
(4) / - /olO-** 


Intensity of the incident (resp. emergent) ray. 
Wave-length of the light in the medium (resp. in 
tHXCUO). X/Xo 1/nx. 

Length of path in the 


fL is the absorption coefficient, 
r is the transmission coefficient. 

K is the extinction coefficient. 

« is the moleqular extinction coefficient. 


(5) / « /oe ^ « is the absorption index. 

The above coefficients are connected by the following relations : 


p - 2.3026€C 

— logi. r “ «c 

M n 0.7956 /<X • (X in cm) 

c 1.832 ecX * (X in cm) 



logi«« 

M 

k/X 

r 

d 

0.01 

-2 

0 . 023026 

0 01832 

0 . 9773 

100 cm 

0.1 

-1 

0.23026 

0.1832 

0.7943 

10 cm 

1 

0 

2.3026 

1.832 

0.1 

1 cm 

10 

+1 

23.026 

18.32 

io-« 

0.1 cm 

100 

+2 

230,26 

183.2 

10-100 

0.01 cm 

1 000 

+8 

2 302.6 

1 832 

IQ-l 000 

0.001 cm 

10 000 

+4 

23 026 

18 320 

IQ-IO 000 

0.0001 cm 

100 000 

+5 

230 260 

183 200 

IQ-'lOO 000 

0.00001 cm 


In the above table d represents for a normal solution (c ■■ 1) 
the path length in which 90% of the incident light is absorbed. 
It is called the '^active r^pon'* ('T^paisseur active'^ since it 
represents the layer within which photochemical reactions occur. 


DBSCUPTIOlf OF FIGURES 

The figures are drawn to the same scale to facilitate comparisoou 
baaed upon the best data recorded in the literature and 
many of them have been checked in the author’s laboratory. 
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C1H4O, Acetaldehyde; Kgs. 29, 30, 73, 81, 82, 84 
Acetic acid; Figs. 24, 62, 77, 81. 84 
CtHj^O, Acetamide; Fig, 24 

CiHsNOs, Aminoacetic acid (GlycoooU); Figs. 35, 93 
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C4H4O, Crotonaldehy.de; Kg. 73 
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C4H»NfOt7 Creatine; Kg. 35 
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C»Hi 4 Ni, Cadaverine extract; Kgs. 41, 42 
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C4H4O1, Paraqumone; Figs. 86, 87 

C4H4NOS, Nicotinic acid; Kg. 47 

C4H4N1, Phenylaside (Triazobenzene); Fig. 69 

C4H4, Benzene; Kgs. 1, 4, 10, 21, 26, 27, 33, 39, 68, 63, 67, 78, 79, 89 

C4H4O, Phenol; Kgs. 6, 6, 8, 72, 79 

C4H4O4, Hydroquinol; Kgs. 6, 79, 86 

C4H40f, Pyrocatechol ; Figs. 6, 7 

C4H4OS, Resorcinol; Kg. 7 

C4HflOe, Aconitic acid; Kg. 77 

C4H7N, Aniline; Kgs. 3, 10, 68, 80 

CeHaOe, Tricarballylic acid; Fig. 77 

CeHfNiOs, Histidine; Fig. 71 

C4H10, Diallyl; Kg. 26 

C4H14, Dimetbylbutadiene; Kg. 25 
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CeHioO, Mesityl oxide; Figs. 68 , 74 
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CiHiiBrNjOj, Bromural; Fig.' 37 
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C*HiiOa, Paraldehyde; Fig. 30 
C*HijNOi, Leucine; Fig. 71 
C^HuNiOt, Lysine; Fig. 55 
C»Hi 4 N 4 O 1 , Arginine; Fig- 71 
C 7 H 4 N 04 , Quinolinic acid; Fig. 47 
CaHiNj, Phenyldiazomethane; Fig. 04 
CrHtO, Benzaldehyde; Figs. 67, 88 

C 7 H 1 O 1 , Benzoic acid; Figs. 13, 27, 35, 39, 40, 63, 72 
CaHiOi, Toluquinone; Fig. 87 
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Fig. 72 


C 7 Hi, Toluene; Fig. 1 

C 7 H 8 N 4 O*, Theobromine; Fig. 45 

C 7 H*N 40 i, Theophylline; Fig. 45 

C7HgO, 0 , 7 >-Cresols; Figs. 8, 9: m^; Fig. 9 

C 7 H»N, o, m, p-Toluidinc; Figs. 11, 12: p-; Figs. 3, 10 

C 7 H 10 N 1 O 4 , Diethyl diazomalonate; Fig, 94 

C 7 H 13 O, Suberone; Fig. 46 

C 7 HijOe, Quinic acid; Fig. 49 

C7HijBrNjOj, Adaline; Fig. 37 

C 1 H 7 N, Indole; Figs. 26, 33, 50, 72 

C*H|Oi, Phenylacetic acid; Fig. 39 

C^HjOi, Vanillin; Fig. 67 

CjHsOi, Hematinic acid anhydride; Fig. 70 

CtHfNOi, Hematinic acid imide; Fig. 70 
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C|HieN40j, Caffeine; Fig. 45 

CftHioOs, o-Veratrole; Fig. 67 
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C»H| 40 s, Ethyl ^-ethoxycrotonate; Fig. 44 

CtHijNO, Tropine; Fig. 46 

CiHtN, Isoquinoline; Fig. 21 

CJItN, Quinoline; Figs. 21 , 26, 48, 49, 56, 60, 66 , 66 
CtHgOi, Cinnamic acid; Fig. 39 1 
Ci,HfNOt, Hippuric acid; Fig. 35 
CfHioO), Phenylpropionic acid; Fig. 39 
C*H|oOa, Tropic acid; Figs. 27, 39 
CfHiiNOj, Phenylalanine; Fig. 72 
CtHiiNOj, Tyrosine; Fig. 72 
C»Hi 40 , Phorone; Fig. 74 
C*H|»NOt, Ecgonine; Fig. 46 
CitHaBr, a(/3)-Bromonaphthalene; Fig. 16 
Ci»Hr> O*, Cinchoninic acid; Figs. 49 , 60 
CiftHt, Naphthalene; Figs. 21 , 78, 89 
a(^)-Naphthol; Fig. 17 
CuHfN, a(^)-Naphthylaniine; Fig. 22 
CuHtNO, p-Methoxyquinoline; Fig. 48 
Ci«HitO, Citral; Fig. 74 
CwHiiOt, Ethyl diethylacetoacetate; Fig. 44 
C 11 H 7 N, a(^)-Naphthomtrile; Fig. 19 
CiiHfO*, a(^)-Naphthoic acid; Fig. 18 
CuHtNOa* Quininic acid; Fig. 49 
CiiHit, a(^)-Methylnaphthalene; Fig. 14 

Tryptophane; Figs. 41, 72 
CnH| 4 NsO, Cytisine; Fig. 66 
Carbazole; Fig. 80 


CiiHio, Diphenyl; Figs. 78, 90 
CiiHioNj, Azobenzene; Fig. 80 
CiiHiiN, Diphenylamine; Fig. 80 

I CiiHij, 2, 6(2, 7}-Dimethylnaphthalene; Rg, 16 

CijHuNiOi, Luminal; Fig. 36 

CijHiiN, a(^)-DimethyInaphthylainine; Fig. 23 
I CijHio, Fliiorene; Fig. 89 

CijHioN,, Diphenyidiazomethane; Fig. 94 
I CijHioO, Benzophenone; Fig. 88 
CiiHij, Diphenylmethane; Fig. 89 
CuHioO,, Dibenzoyl (Benzil); Fig. 88 
C14H12, 1, 1-Diphenylethylene; Fig. 90 
CuHi:, Stilbene; Fig. 90 
C14H1JO2, Benzoin; Fig. 88 
I C14HH, Dibenzyl; Fig. 89 
CitHiiN, o(/9)-PhenylnaphthyIainine; Fig. 23 
I CieHu, Diphenylbutadiene; Fig, 90 
; I CioHifNOij Benzoylecgonine; Figs. 27, 40, 63 
CuHiiNOi, Homoatropine; Fig. 40 
Ci 7 HjjC 1N04, Cocaine hydrochloride; Figs. 27, 40, 41- 
CijHjjNjO, Cinchotoxine; Fig. 50 
C,*H«NiO, CinchoEiine; Figs. 28, 60, 65 
Ci,HjjNt0t.2H»0, Apoquinine; ^gs. 63, 64 
Ci4HitNi04, Quitenine; Fig. 64 
C,»HtjClNjO, Cinchonine hydrochloride; Pig. 28 
Ci,H 24 NjOj, Hydrocupreine; Fig. 53 
CjoHaaNjOj, Hydroquininone; Fig. 95 
CjoHmNjOj, o-lsoqxiinine; Fig. 52 
I CjoHuNjOj, Quinine; Figs. 51,66 
CjoHj 4 Nj 02, Chinotoxine; Figs. 62, 96 
CioHuClNjOj, Quinine hydrochloride; Figs. 61, 64 
CjoH 2«N20 j, Hydrochinotoxine; Fig. 95 
C2iH2«N20a, Yohimbine; Fig. 56 
C21H28N2O2, Optoquinine; Fig, 64 
C24Ha«Cl2Ni02, Eucupine di hydrochloride; Figs. 64, 64 
CtaHaaClNtOi, Eucupinotoxine hydrochloride; Fig. 64 
CaaHaaBrFeNaOa, a(^)-Bromohemin; Fig. 92 
C34HaiClFeN404, of-Hemin; Fig. 92 
CiaHaaFeNaO#, Hematine; Fig. 75 
CaaHaaCINaOa, Mesoporphyrin hydrochloride; Fig. 76 
CaaHasNaOioS, Atropine sulfate; Fig. 40 
Ca4H48N20ioS, Hyosciamine sulfate; Fig. 40 
CiflHioNaOs, Hematoporphyrin dimethyl ether; Fig. 75 
CaoHwNaOaS, Quinine sulfate; Figs. 61, 62, 63, 64, 60, 66, 96 
CaoHaoNiOsS, Quinidine sulfate; Fig. 62 
C4oHa4N408S, Hydroquinine sulfate; Figs. 53, 64 
C42Ha4N408S, Methylquinine sulfate; Fig. 64 
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Table 1. — Solar Spectrum; Typical Lines 

An R placed after a wave-length (X) indicates that it has been 
derived from Rowland’s measurements (^) by means of Table 2; 
all other values of X are derived from measurements made at 
Mount Wilson (3) in terms of internationally accepted standards. 
They all represent the value of X in air at 15°C and a pressure of 
one normal atmosphere. Accidental errors exceeding 0.002 A or 
0.003 A are improbable. The source of the line is generally that 
determined by Rowland. The spot intensities refer to typical 
spots; in “ Spot ax ” are given the separations of the n-componcnts 
in large spots, reduced to a common field strength (H ~ 3400 
gauss). Aline which is incompletely resolved from other nearbv 
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Tablb 1. — {Continued) 
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IB 

V 

V, - 
V 
IB 


IB 

IB 

IB 

III 


IV 

III 

III 

III 

III 
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Table 1. — (Continited) 


X 

Source 

(^) 

Intensity 

Sp)ot 
6X (3) 

Grou 

(>. 3, 

Sun 

(*) 

Spot 

(3) 

6601 288 

Ca 

3 

6 

52 


14.784 

Ni 

0 

00 

60 


18.645 

Fe 

1 

1 

81 j 

d 

24 . 033 

Fe 

1 

1 

48 

d5 

33 955 

Fe 

3 

3 

53 

d 

38.274 

Fe 

3 

3 

52 

d5 

41 .460 

Fe 

2 

2 

52 

d 

60.696 

Fe 

1 

0 

78 


55.502 

Fe 

2 

2 

68 

d 

62.527 

Fe 

4 

3 

51 

d 

67 . 526 

Fe 

2 

2 

no 

e(?) 

79.034 

Fe 

3 

3 

84 

«(?) 

82.650 

Na 

5 

10 

40 


84 . 497 

Si 

3 

1 

60 


88.220 

Na 

6 

12 

43 


90.435 

Si 

3 

1 

86 


6701.113 

Si 1 

1 

00 

98 


01.659 

Fe 

4 

5 

50 

e(7) 

08 . 408 

Si 

3N 

00 

73 


11.098 

Mg 

6 

6 

43 


17.844 

Fe 

4 

4 1 

41 

d 

31.776 

Fe 

4 

3 

101 

d 

62 . 043 

Fe 

4 

4 

79 

e(?) 

54.669 

Ni 

5 

6 

77 


63 005 

Fe 

6 

6 

55 

d 

72.162 

Si 

3 

0 

63 


76.091 

Fe 

4 

4 

i 94 

d 

87 . 930 

Cr 

4 

9 

' 63 


93 926 

Fe 

2 

2 

! 104 

d(?) 

5806.736 

Fe 

6 

5 

68 

e{7) 

09.228 

Fe 

4 

4 

70 

d 

16.384 

Fe 

6 

6 

44 

■ 

48.126 

Fe 

3 

2 

88 

d 

62 232 

Fe 

3 

4 

80 


63.690 

Ba-f- 

6 

9 

. 72 


62.371 

Fe 

6 

6 

59 

e 

66.464 

Ti 

3 

10 

49 

al 

89 . 977 

Na 

30 

100 



92.886 

Ni 

4 

4 

50 


96.943 

Na 

; 20 

60 



6905.684 

Fe 

4 

3 

34 

d 

16.261tt 

Fe 

3 

6 

80 


27.801 

Fe 

2 

2 

28 

€(?) 

34.669 

Fe 

' 6 

5 

67 

d 

48.552 

Si 

6 

2 

54 


66.709 

Fe 

! 4 

10 

32 

h 

75.356 

Fe 

3 

3 

46 

54 

83.693 

Fe 

6 

6 

62 

d 

84.830 

Fe 

6 

6 

62 

e 

6003.027 

Fe 

6 

6 

98 

d 

07.973 

Fe 

4 

4 

89 

e 

13.603 1 

Mn 

6 

11 

156 


16.653 

Mn 

6 

12 

192 


21.808 

Mn 

6 

12 

106 


27.064 

Fe 

4 

4 

64 

54 

39.745/? 

V 

0 

6 

136 


1 

42 108 

Fe 

3 

2 

38 

e 

66.018 

Fe 

6 

5 

60 

e 

68.177/e 

1 

V 

OOON 

3 

330 




d{7) 




66.409 

Fe 

7 

8 

28 

54 


Temp. 

class 

(2) 


IIP 

V 


V 

V 


ni(?) 


II 

V 


III 


III 

V 
II 

I 

II 
I 

V 


V 
IV 

V 

III 

III 

III 

V 
1 

V 

V 
llA 

in 


6078.604 
SX.45SR 
82.723 
90.222 
96.676 
6102.188 
02 . 733 
08.130 

11.666/e 

19.635/e 

22.231 

27.918 

35.375/e 

36.631 

37.709 

60.156/e 

67 , 739 
61.302 
62.186 
66.446 
73 . 348 
80.216 
91.677 
99.196/e 
6200.327 
13.443 
13. 877 /e 
19.294 
24.612/e 
32.656 
42.853/e 
46.333 
61.846/e 
62.671 
58.368/e 
61.299/e 
65.148 
68.878/e 
70.237 

86.182/e 

92 . 828/e 
96.613/e 
97.808 
6301.617 
14.676 
15.822 
18.036tt 
22.701 
36.346tt 
36.837U 
56.043 
58.696 
80.766 
93.620U 
6400.328 
08.033tt 
11.666 
21.367 
30.863 
39.090 


Source 

W 


Table 1. — (Continued) 
Intensity 


Fe 

V 
Fe 

Ti, V 
Fe 
Fe 
Ca 
Ni 

V 

V 
Ca 
Fe 

V 
Fe 
Fe 

V 


Fe 

Ca 

Ca 

Ca 

Fe 

Fe 

Fe 

V 
Fe 
Fe 

V 
Fe 

V 
Fe 

V 
Fe 

V 
Fe 

V 

V 
Fe 

V 
Fe 

V 

V 

V 
Fe 
Fe 
Ni 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Ca 


Sun 

6 
0 
1 
2 
3 
6 
9 
6 

0d(7) 
1 

10 

3 

OON 
8 
7 
ON 

rf(?) 

6 ' 

4 
15 

5 

6 

5 
9 
0 

6 
6 

000 
6 

000 
3 

000 
8 
00 
7 

OOON 

oooO 
6 

OOON 
3 

OON 
000 
0000 

3 
7 

4 
1 
6 
4 
6 
7 
4 
6 
4 
7 
2 
6 
7 

7 
6 

8 


Spot 

6 

7 
1 

8 
3 
6 

26 

7 
10 

8 
30 

3 
8 
10 
9 
1£ 


6 
9 
35 
9 

4 

7 
9 

8 
8 
6 

5 
8 

6 

4 

5 
7 

7 
9 
0 

000 

8 

1 

3 

6 

4 

4 
8 
1 

5 

2 
8 

6 
10 

7 
6 

8 

3 
8 

4 

7 
9 

10 

8 
12 


Spot 
6\ (3) 

il 

145 
173 
59 
127 
109 
179. 
96 
188 
121 
48 
61 
188 
35 
98 
154 


198 
124 
166 
79 

236 
45 
69 

178 
124 

237 
149 
160 
146 
276 
184 

148 
164 

67 

149 
196 
152 
176 

3r 
154 
187 
160 
69 
148 
115 
108 
40 
145 
61 
204 
114 
176 
33 
36 
147 
60 
44 
162 
140 
33 


Group 

(1,3, ») 


h(7) 


d 

e 


64 

64 


64 


d5 


64 


64 

d5 


64 

6 

64 

dS 

6 

a 

b 

64 

d5 

d 

d5 

b 

64 


Temp. 

class 

V 

I 

-I 

V 

II 
II 
II 

I 

II 


III 

III 

I 



III 


II 


III 

54 

III 

b(7) 


54 

II 


I 

54 

IV 

54 

III 


I 

54 

III 


I 

V 
I 

V 
1 

in 

ILl 

llA 

III 

IIA 

I 

1 

I 

III 

IV 

n 

III 

HI 

III 

V 
III 

u 

V 
III 

III 

V 

IV 
III 
III 
II 
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Table 1. — {ConHnue-d) 


X 

Source 

(^) 

Intensity 

1 

Spot 
«X (3) 

Croup 

(If 3.5) 

, Temp. 

' class 

! (V 

Sun 

w 

Spot 

(3) 

6449.827 

Ca 

6 

11 

48 


11 

56.613 

Ca 

2 

8 

45 


II 

71-676 

Ca 

6 

10 

149 


II 

81.886 

Fe 

3 

4 

144 

6 


93.796 

j Ca 

6 

12 

48 


II 

95.001 

Fe 

8 

9 , 

86 

64 

II 

06.480 

Fe 

2 

2 

1 

97 

d 


96.916 

Ba + 

4 

6 

52 



90.663 

Ca 

4 

8 

71 


II 

6546.260 

Fe-Ti 

6 

8 

48 i 

64, a4 

III, III 

69.232 

Fe 

5 

4 

122 


V 

92.934 

Fe 

6 

6 

62 

64 ; 


93 . 892 

Fe 

4 

6 

84 

64 

IV 

6609.126 

Fe 

3 

4 


6 

IV 

43.648 

Ni , 

5 

6 



I 

63.455 

Fe 

3 

4 


6 

IV 

78.007 

Fe 

6 

5 


64 

in 

6717.697 

Ca 

5 

8 

1 

1 

1 

III 

60.173 

Fe 

3 

3 


h 

IV 

67.793 

Ni 

4 

4 



I 

6810.276 

Fe 

4 

2 




28.612 

Fe 

2 

2 


d(?) 

V 

41.356 

Fe 

3 

3 

1 

d(?) 

V 

43 . 672 

Fe 

3 

2 

1 

d(?) 

V 

55.183 

Fe 

3 

2 


d(?) 

V 


Table 2. — Corrections for Rowland's Values of a 


Rowland’s value exceeds the International value (i.e., system of 
standards adopted in 1922) by an amount A which varies with X.{§ 
Unit of X = 100 A = 10"® cm; of A = 0.001 A = ICT" cm. 


X 

38 

40 

42 

44 

46 

48 

49 

60 

51 

52 

1 

53 

^4 

A 

137 

149 

158 

158 

173 

184 

1771 

174 

169 

164| 

172 

200 

X 

65 

66 

68 

59 

60| 

61 

62 

63 

64 

65| 

66 

68 

A 

204 

216 

211 

212 

214 

206 

204 

204 

204 

213! 

1 

227 

242 


Table 3. — Corrections for 1928 International Standards (^) 


Each X in Table 1 is too great by an amount C which varies 
with X. Error in C is probably < O.OOIA. Unit of X = 100 A — 
10-« cm; of C = 0.001 A = 10"“ cm. 


X 

37.5 

39.5 

40.5 

41.5 

42.5 

43.6! 

45 , 

46 

47 

49 

c 

1.5 

2.0 

2.0 

2.0 

2.0 

2.0 

2.6 

3.1 

3.0 

2.8 

X 

51 

55 

57 

59 

60 ; 

62 

64 

66 

67 


c 

2.6 

2.3 

3.0 

3.8 

4.7' 

6.5 

8.4 

10.2 

11.2 



• Blend in spot. ** Complex in spot, 

t Fe predominant. ft Probably blend in spot. 

t Blend with complex line in spot. tt Components blended in spot, 

i Doubtful. i| Complex in spot. \\Steal$oi*). 

^ Line complex; is for outer n-components. 
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UNIDENTIFIED LINES AND BANDS IN CELESTIAL SPECTRA 


F. E. Baxandall 


In the following tables^ only the stronger of the unidentified 
are given; others will be found in the articles quoted. 


Page 

Celestial sources of unidentified lines 

Wave-lengths of unidentified lines 384 

Heads of unidentified bands 386 

Conversion to Rowland's scale 386 

Table 1, — Celestial Sources of Unidentified Lines 

For bands, v. Table 3 

Sym. ■■ symbol by which the source is indicated in Ta^le 2; 
Scale max, « maximum of the intensity scale adopted by the 
authority indicated in the Lit, column; Min. included ■=• lowest 
intensity, by that authority, which is included in Table 2; No, *= 
number of lines from that source which is included in Table 2; 
they Ue between X^h,. and Xm«,. 

Unit of X « 1 A - I0-® cm. 


Source 

Sym. 

Lit. 

Scale 

mas* 

Min. 

in- 

cluded 

No., 

1 



Aurora 

A 

(>* 



a 

6577 

5678 



»®) 






Corona. 

Cor 

(•)• 

80 

4 

13 

3328 

8374 


f 

(>*) 

100 

s' 





Chromosphsre 

Chr| 

(>•) 

(•*) 

10 

100 

a 

2 


48 

3231 

5780 


1 

(«•) 

80 

a 






1 

(») 

3 

i‘ 





Pimanhofer apeetrum 


(*•) 



► 

81 

8033 

0638 


1 

(*•) 

40 

4, 



# 



Table 1. — {Continxted) 


Source 


Sym. 


Lit. 


Scale 

max. 


Min. 

in- 

cluded 


No. 


Xcnis, 


Planeta 

Nebulae 

Nova Aquilae No. 3 

Nova Qeminorum No. 2. 
Nova Peraei 


Wolf-Rayet atare 


V Sagittarii 

36 T* Erideni 

R. Aquarii 

e Aurigae 

a Canum Venaticorum. 
4 Carinae 


CeU 


Cygni 


Pla 

Neb 

NoA 

NoG 

NoP 


W 


.r{ 


Sag 

Eri 

RAq 

dAu 

CaV 

Car 


Cet 


Cyg 



360 

8 

10 

50 

100 

4 

60 

10 

10 


90 

10 


H. P. 1311 (A. G. C. 8631) 

« Uraae Majoria 

• A Bummary of records of many obaervers. 


10 

5 

3 

3 

is' 

2 

2 


} 


7 

17 

1 

2 

5 

29 

5 

5 

2 

5 

6 
13 

24 


4 

3 


5093 6677 
3426 6583 
4603 4603 
4610l 4630 
4720 


3868 

3414 


5304 

39381 4278 
3954 4621 


4668 

39541 

3983 

4244 

I 

38521 


4701 

4376 

4816 

4880 

4838 


302d 


4876 


The X'a are probable values as 


derived from the collective records. Seale max. of no observer exeeede 30. 
Every unidentifled line recorded by any observer as of intensity 5 4 Is included 

in Table 2. 

t The record used is the spectrum of the nucleus of planetary nebula B D. +■ 
30^ 8639. which contains almost all the lines of the Wolf-Rayet stars more 
sharply deEned than In the Wolf-Rayet stars tbemsolvea. 
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TaBM 2— UNIDENTinED LiNES IN CELESTIAL SPECTBA 

Only the stronger Unes in the spectra of the sources listed in 

Table 1 are given. The symbol (c. Table 1) indicating the source 

w foUowed by a number indicating the authority {v. Lit.). Absorp- 

tion hnw are indicated by an a preceding the value of X; values in 

' P'‘°^®bly refer to the same line. The wave-lengths of Unes of 

o Ceti recorded by Stebbins (32) and by Adams and Joy (i) have 

here been corrected for the mean velocity shift. For maximum of 

intensity scale, number of Unes for each source, etc., v. Table 1 

Sym. = symbol of the source, / = intensity, X = wave-length. 

Umt ^ X - 1 Int. A = 10 * cm (for reduction to Rowland’s 
Bcale, V. Table 4). 


X 

Sym. 

I 

a 3020 . 2 

Cyg (89) 

3 

a 3033.41 

Fra (85) 

6 

a 3035 . 73 

Fra (2 5) 

6 

o 3038.8 

Cyg (39) 

3 

a 3047.7 

Cyg (39) 

3 

a3060.n 

Fra ( 2 S) 

4 

a 3053.41 

Fra (25) 

7 

a 3059 . 62 

Cyg (39) 

3 

a 3096.45 

Cyg (39) 

3 

a 3126.27 

Fra (25) 

6 

a 3177.61 

Cyg (39) 

3 

a 3231.32 

Chr (>o) 

3 

a 3236.15 

Chr ( 10 ) 

3 

a 3245 . 97 

Fra (25) 

4 

a 3251.92 

Fra (25) 

4 

a 3255 

Cyg (38) 

2 

a 3268 

Cyg (38) 

3 

a 3261.62 

Fra (25) 

4 

a 3281.21 

Cyg (38)‘ 

3 

a 3286.60 

Cyg (38) 

2 

o 3288.60 

Chr (10) 

3 

a 3289.44 

Cyg (38) 

2 

a 3308.81 

Fra (25) 

5 

a 3324. C6 

Fra (2 5) 

4 

3328.1 

Cor (8) 

6 

0 3366.17 

Chr (10) 

3 

3388 

Cor (8) 

30 

a 3407 . 22 

Cyg (38) 

2 

3414 

W-R (23) 

6 

0 3416.11 

Cyg (38) 

2 

3426 . 3 

Neb (37) 

20 

o 3438 . 99 

Chr (10) 

4 

3445 

Neb (37) 

13 

3465 

Cor (8) 

8 

o 3466 . 74 

Cyg (38) 

2 

a 3468.71 

Cyg (38) 

2 

a 3468 . 77 

Chr (10) 

3 

a 3471.39 

Chr (10) 

3 

a 3471.47 

Cyg (38) 

2 

a 3487 . 96 

Chr (10) 

3 

a 3493 . 44 

Cyg (38) 

3 

a 3513.93 

Fra (25) 

4 

o 3661.67 

Chr (10) 

3 

a 3570 . 27 

Fra (25) 

4 

a 3572.47 

Fra (25) 

4 

o 3673 . 74 

Chr (1 0) 

3 

a 3676 . 32 

Fra (25) 

4 

a 3685.33 

Cyg (38) 

3 

3601.15 

Cor (8) 

15 

3611 

W-R (37) 


3631 

W-R (23) 

3 

3640 6 

W-R (23) 

3 


X 

3643 
3687 
3726.15 
3728 . 90 
3734 

a 3748.60 
3769 
3769 . 75 

3813.5 
3852.21 

a 3859.95 
a 3867 . 20 
I 3868 
[3868.65 
a 3911.25 
a 3936 . 90 

3938 . 05 
3938.19 

a 3938 . 40 
a 3938.45 
o 3938 . 45 
a 3938.60 
o 3945 . 05 

3962.15 
a 3954.15 
a 3964 . 40 

3967.51 
3967 . 68 

3969. 86 t 

a 3973 . 44 
a 3983 . 85 
3986.76 

3991.15 
4006.82 
4021.46 

a 4024 . 45 
a 4032 . 96 
a 4038 
a 4040.90 
a 4044.08 
4049 
4066 . 55 
40691 
4068:62 
4070 
a 4076 
o 4076 16 
4076 . 22 
4086 
4086.66 
a 4105.06 
a 4109 36 




Sym. I 

Cor («) 5 

W-R (23) 4 

Neb (37) 50 

Neb (37) 30 

W-R (23) 3 

Cyg (38) 3 

W-R (2 3) 3 

Cyg (38) 3 

W-R (23) 3 

Cet (32) 4 

Cyg (29) 3 

Chr(io) 3 

NoP (M) 10 

Neb (3 7) 70 

UMa (30) 3 

Chr(io) 3 

Chr(i6) 3 

Cet (32) 8 

Fra (28) 4 

Cyg (2 9) 3 

UMa (30) 3 

Sag (24) 3 

Cyg (29) 3 

Chr(>«) 4 

0Au(i5) 4 

Eri (33) 2 

Neb (37) 70 

Cet (32) 8 

NoP(*4) 10 

ChrfJO) 4 

CaV (8) 

Cor (8) 

Chr (16) 

Cet (32) 

Chr (««) 

Cyg (29) 

Sag (24) 

CaV (8) 

Chr (10) 

Sag (24) 

W-R (*^3) 

W-R (3 7) 

HP (9) 

Neb (37) 

W-R (37) 

CaV (8) 
eAu (18) 3 

Neb (3 7) 20 

Cor (8) 6 

Chr (16) 3 

Chr (10) 4 

Chr (10) 3 


a 4128.7 
a 4132.4 
4137.3 
4138.-64 
4143.11 

4155.2 

4166.3 
a 4159.19 

4163.6 
4165.87 
a 4184.00 
a 4188.73 
a 4190.99 
a 4191.6 
a 4198.24 
a 4200.6 
a 4200.6 
a 4200 . 96 

4229.4 
4231.2 
4233. 15§ 
4233.265 
4244 . 09 

a 4275.4 
4276 . 85 
a 4278.40 
4287 . 29 
4291.48 
a 4301. 10 
4302.78 
a 4303 . 94 
4316 64 
4325.6 

4342 . 68 

4343 . 09 
4358 . 94 
4359 

( 4363.2011 
\ 4364 

4372.68 
a 4376.8 
a 4377.44 

4407.9 
4413.87 
4416.2611 
4441.2 
4446 . 38 

a 4448 
4448.13 
4451.94 
4456.89 
4457 
4467.80 
4458.62 
4462.1 
a 4466 . 6 

4474 . 70 
4496.6 
4611 56 

a 4516 
4616 4 
4618.30 
4521.37 
4655 

4659.70 


Sym. 
UMa (»0) 
UMa (30) 
Chr (18) 
Cet (*3) 
Chr (11) 

W-R (37) 

Chr (i«) 
Fra (38) 
W-R (37) 

Cet (12) 
Fra (25) 
Fra ( 28 ) 

Eri (33) 

0Au (18) 
Fra ( 28 ) 
Sag (24) 
0Au (18) 
Eri (33) 
W-R (37) 

Cor (*) 

Cet (32) 
Cet ( 12 ) 
Car ( 22 ) 
UMa (30) 
Car (2 2 )^ 
Sag (24) 

Car ( 22 ) 

Cet (12) 

Fra (25) 
Chr (11) 

Fra ( 28 ) 

Chr (21) 

W-R (37) 

Car ( 22 ) 

Chr (21) 

Car ( 22 ) 

Cor (8) 

Neb (37) 
NoP (14) 

Cet (32) 

0Au (18) 

Eri (33) 

Chr (18) 

Car ( 22 ) 

Car ( 22 ) 

W-R (37) 

Chr (11) 

CaV (8) 

Cet (I) 

Car (22) 

Cet (12) 

W-R (3 7) 

Car ( 22 ) 

Cet (12) 

Chr (i«) 

W-R (37) 

Car ( 22 ) 

Chr (i«) 

Cet ( 12 ) 

CaV (8) 

W-R (37) 

Chr (21) 

Cet ( 12 ) 

W-R (37) 

Cet (12) 


/ 

3 

5 
3 

3 
60 

3 

6 
60 

4 

• 

4 
2 

3 

4 
2 

3 

4 
15 

8 

12 

8 

3 

6 

2 

10 


4 

3 

4 
2 

60 
4 
2 
10 
6 
80 

7 
9 
3 
2 
3 

8 
9 

40 

3 


6 

20 

5 


3 

3 


60 

3 

20 


X 

4661.97 
4667 
4683.90 
4686 
4697.72 

4600.6 

4603.7 
4606** 
4608** 
4610**. 

4616.2 
a 4621.72 

4622 
4633.64 
4634.76 
/ 4636tt 
\ 4639. Ott 

4639.08 

4668.2 
4666 
4669.44 
4698.72 

0 4699.33 
o 4700.16 

4701.4 

4711.4 
4720 
4728.17 
4739 

4740.2 
4766.64 

4757.3 

4761.8 
4768.27 
4786.2 

4801.16 

4810.8 

4814.60 
0 4815 

4838.60 

4849.16 
o 4876 . 5 

4889.46 
4958.9111 
6006.8^ 
o6093 

6130.7 
a 6210 

6260.9 
6272.4 

6299.8 

6302 . 9 
6304.8 
6426.29 

a 5428 

6477.00 
6490.71 
6577.36 
6577 . 83 

6678.0 
6669.3 
6756 

a 5762 
6780.6 
o 5973 


8)^. 
Cet (12) 
Cor ( 8 ) 
Cet (12) 
Cor (•) 
Chr (21) 
Chr (18) 
No A (1 2) 
HP (•) 
W-R (22) 
NoG (2) 
Chr (18) 
Eri (23) 
W-R (22) 
Cet (12) 
Cet ( 12 ) 
NoP (18) 
NoG ( 21 ) 
Cet ( 12 ) 
RAq (l») 
W-R (2T) 
Chr (21) 
Chr ( 11 ) 
Fra (28) 
Fra (28) 
RAq (19) 
Neb (27) 
NoP (1 8) 
Car (22)- 
W-R (23) 
Neb (27) 
Cet (12) 
Chr (18) 
Chr ( 18 ) 
Chr (21) 
W-R (37) 
Cet (12) 
'Chr ( 18 ) 

Car (22) 

CaV (8) 

Cet (12) 

Chr (21) 

Cyg (28) 

Car (22) 

Neb (37) 

Neb (37) 

Pla (27) 

W-R (37) 

Pla (2 7) 

W-R (37) 
W-R (37) 

Chr (18) 

Cor (8) 

W-R (37) 

Chr (21) 

Pla (2 7) 

Chr (11) 

Chr (21) 

A (3) 

A (28) 

A (38) 

Chr (18) 

Neb (37) 

Pla (2 7) 

Chr (18) 

PU (27) 


6 

I 

4 

2 

3 

12 

3 

6 

3 

2 

10 


40 
2 

3 

4 

4 

10 

6 

5 
3 

20 

3 

4 
2 

20 

3 

6 


2 
3 
3 
200 
360 

26 

20 

16 

3 

20 

15 

4 

3 

2 


3 
20 
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X 

Sym. 

I 

a 6191 

Pk (*7) 


6302 

Neb (37) 

10 

6374 

Cor («) 


6648. Itt 

Neb (37) 

70 

6583. 6n ; 

Neb (37) 

110 

0 6677 

Pla (37) 


0 7166.67 

Fra (18) 

2 

* Theoretically 

identified as 

07/ 


Mam (•). 


t Much too strong to bo due oolely 
to H<. 

t Described by H&rvard observers 
ss double, the more refrangible com- 
ponent being the wider and fainter. 

I In o Ceti the bright lines other 
than those of H are generally con- 
sidered to be lines of low tem|>erature, 
hence these lines can not be identified 
with the enhanced Fe lines at 4233.33 
and 4583 . 00. 

D Theoretically identified as OUT 
lines (•). 

t Probably involves enhanced Fe 
lines 4417.00; all the other prominent 
enhanced Fe lines occur in ij Carinae. 


X 

Sym. 

/ 

0 7691.58 

Fra (18) 

2 

0 8648.41 ! 

Fra (18) 

2 

o 9095.01 

Fra (7) 

1 

o 9265 . 87 

Fra (7) 

1 

o 9415.07 

Fra (7) 

1 

a 9556.11 

Fra (7) 

2 

0 9638.45 

Fra (7) 

1 


** Probably identical in origin and 
X; broad and haiy; possibly, but cot 
surely, identical with oxygen line 
4609.40 which .'appears to behave 
differently from other O lines. 

ft These two X's, obtained from 
different records, probably refer to the 
same line; line is broad and diffuse, 
and occurred in the later stages of the 
Novae. 

As neighboring C line at 6577.5 
does not appear in nebular spectra, 
6583.6 is probably not the C line at 
6583.0; it and 6548.1 are probably of 
gaseous origin, like the great majority 
of nebular lines of known origin. 
Both have been theoretically identi- 
fied as Nil lines (*). 


Table 3. — Heads op Unidentified Bands 

For additional information and list of possible bands in sun-spot 
spectra, v. (^). R indicates that the band extends from the head 
towards the red end of the spectrum, V towards the violet. Unit 
of X = 1 A = 10-« cm. 


4313.2* 
4396 . 4 

4409.2 
4640t 

4713.0 
4736. 9 t 
4752. 8 § 
4841.6 

4866.3 

4871.4 

4890 . 1 

4891.9 

4900.9 
4906 

6438 . 1 
5650 1 

5721.2 



R 

V 

V 
R 
R 
R 

V 
R 

V 
R 

V 

V 
R 
R 
R 
R 
U 


o Ceti 

R types 

R types 

S types and R Cygni 

o Ceti 

a Herculis 

N types 

o Ceti 

132 Schjellerup, etc. . 
162 Schjellerup, etc. , 

N types 

R types 

78 Schjellerup, etc. . . 
162 Schjellerup, etc. . 

o Ceti 

R Cygni 


(32) 

(26) 

(26) 

(20, 36) 

(32) 

(32) 

(13) 

(32) 

(IS) 

(13) 

(13) 

(26) 

(13) 

(13) 

(32) 

(20, 36) 
(13) 


116 Schjellerup, etc 

• Not the hydrocarbon band 4314. f Probably due to ZrO. 

I Probably due to a C compound. 


t Not the “Swan*’ band 4737. 


Table 4. — Conversion to Rowland's Scale 


X on International scale + C = X on Rowland’s scale. Unit of X 

and C = 1 A * 10“* cm 


Range of X 

1 c 

1 Range of X 

1 c 

2960 to 3126 

0.12 

6400 to 6500 

0 21 

3125 to 3260 

0.13 

5500 to 6060 

0 22 

3260 to 3450 

0.14 

6050 to 6500 

0.21 

3450 to 4150 

0.16 

6500 to 6570 

0 22 

4160 to 4350 

0.16 

6570 to 6750 

0.23 

4360 to 4650 

0.17 

6750 to 6850 

0.24 

4650 to 5125 

0.18 

6860 to 7000 

0.26 

6125 to 6300 

0.17 

7000 to 7200 

0.26 

6300 to 6325 

0.18 

7200 to 7400 

0.27 

6326 to 5375 

0.19 

7400 to 7700 

0.28 

6375 to 5400 

0 20 
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Luminescence at low temperatures (<1000*C) maybe produced 
by light, X-rays, cathode rays, radioactive radiations, chemical 
reaction, or as a continuing after-effect of a luminescence due to 
any cause. That which persists for a time after the withdrawal of 
the exciting cause is generally called phonphorescence; that which 
exists during the excitation is often called fluorescence, but in this 
section that term is restricted to the cases in which the luminescence 
is produced by light, X-rays, or 7-rays. 

Some substances can be caused to luminesce when pure, others 
only when they contain an activating impurity, generally a metal. 
The nature of the luminescence depends upon both the substance 
and the impurity, and its intensity varies rapidly as the concen- 
tration of the latter is increased, passing through a maximum and 
finally becoming zero while the concentration is still low, C/. 
Table 8; see also (®). 

Table 1. — Intensity of Luminescence 

For variation with concentration, see Table 8 

Bo = brightness of lumirftescence immediately after withdrawal 
of exciting radiation. Its value depends upon the intensity and 
the spectral distribution of the exciting radiation, and the latter 
affects the ratio of the values of Bq for any two substances. Br = 
relative brightness of the luminescence when ozone is passed 
through the solutions at a fixed rate. / = fluid solution, s 5= 
solid. Unit of Bo = 1 millilambert = 0.001 lambert; of Br is 
arbitrary. 

Chemiluminescence when ozone is passed through solutions of 


esculin (CuHuO*) ('^); (for N and P-vapor, see Table 9) 


Solvent 1 

1 Br II Solvent 

Br 

H,0, Water 

1 

CiHflO, Acetone 

3 

CH4O, Methyl alcohol 

3 

CiHflO, Propyl alcohol. . . . 

5 

CiHeO, Ethyl alcohol 

5 

CaHaOi, Glycerol 

0 


Fluorescence excited by Fe-spark with light-filter transmitting the 

region between ca. X =* 0.3m and X =* 0.4m 


Substance i Bo 


CwHiiOj 

Fluorescein (4.2 to 5.2). . . . 

/ 

4.7 


Luciferin (14.5 to 16) 

/ 

16.2 

C.iHrNO, 

Resorufin 

/ 

3.0 


Rhodamine 6G (4.2 to 12) 

/ 

8.1 


Rhodamine B 

/ 

6.2 


Tetrachloroeoein 

/ 

4.2 

ZnS 

Sidot blende (3.08 to 10.9) 

8 

7 

ZnjSiOa 

Willemite (synthetic) 
(12.5 to 14) 

8 

13.2 

ZnxSiO^ 

Willemite (natural) 

8 

5.3 

Cdi(P04)t 

Cadmium phosphate 

8 

0.0182 


Uranium glass . . . 

8 

7.31 


Table 1. — (Continued) 


Substance | 


(NH4),U0t(S04), 

NH4 uranyl sulfate 

8 

23.0 

UO,(NO,),.6H,0 

Uranyl nitrate 

8 

6.61 

UOi(C,H,0,), 

Uranyl acetate 

8 

6.39 

PbU0i(C,H,0,)4.4H,0 

Pb uranyl acetate 

8 

3.76 

CaS 

Balmain^s paint 

8 

1.26 

CaCOi 

Calcite . : 

8 

0.132 

K,UO,F* 

K uranyl fluoride 

8 

4.69 

K,UO,(SO*),.2H,0 

K uranyl sulfate 

8 

35.2 

KUO, (NO,), 

K uranyl nitrate 

8 

7.63 

Rb,UO,Cl4.2 H,0 

Rb uranyl chloride 

8 

8.11 

C8U0,(N0,), 

Cs uranyl nitrate 

8 

6.71 

C8U0,(C,H,0,), 

Cs uranyl acetate 

8 

4.56 


Table 2. — Wave-lengths (X) of Crests of Bands: 

Photoluminescbnce 

For ultra-violet luminescence of 128 organic compounds in 

alcoholic solution, see (i*) 

In some cases only the principal bands are here listed. C « 
concentration, parts by weight or fraction of normal (N); N * 
normal concentration; Hg-arc » Hgarc in quarts tube. Tabular 
values are X©, Solvept is ethyl alcohol (CiH»OH) unless otherwise 
indicated. Unit of X * 1 A >= 10~* cm; A(l/X) *■ cm“*. 


CeH«, Benzene 
C = Hooo; 2n-3park (») 

2599, 2636, 2679, 2754, 2827, 
2910. 

C => Hooo; Hg-arc (33) 
2700, 2757, 2829, 2943. 

C = 0.05N; t = -193°C; Hg- 

arc (*®) 

3390, 3460, 3520, 3570, 3650, 
3710, 3800, 3850, 3970, 4020, 
4130, 4190, 4290, 4350. 

CttHflO, Phenol 

C =» Hooo; Zn-spark (*); 2776 
C = 0.05N; t - -193*C; Hg- 

arc (**) 

3510, 3610, 3710, 3830, 3960, 
4080. 

Hydroquinol 

C — Hoop; Zn-spark (®); 3032 

C«H«Os, Resorcinol 

C = (?); Hg-arc ( 33 ); 3000 

« 

C^HtN, Aniline 

C " Mooot Zn-spark (•); 3084 
C -0.06N; r- -190X; Hg- 

arc 

3720, 3830, 3960, 4110, 4240. 

CtH^N, Benzonitrile 
C - 0.06N; Hg-arc (*«. ”) 
3790, 3810, 3870, 3950, 4050, 
4120, 4210, 4310, 4410, 4510. 

C7H«09, Benzoic acid ' 

C - 0.05N; Hg-arc (>«. >^) 
3660, 3790, 3910, 4050, 4160. 


CrHeOt, p- Hydroxybenioio acid 
C = 0.05N; Hg-arc (»«. 'V 

3790, 3920, 4050, 4210, 4330. 

* 

C7H1, Toluene 
C - Hooo; Zn-spark (*) 
2622, 2646, 2676, 2740, 2809, 
2886, 

C - 0.06W; i - -193®C; Hg- 

arc (*•) 

3460, 3580, 3650, 8800, 3890, 
4060, 4120. 

CtHiO, O-Creeol 
C - 0.06N; t - -m°C; Hg- 

arc (**) 

3530. 3630. 37 40, 3850, 

TTi-Oresol 

3620,. 3730, 3850, 

4080. 

CtHsO, p-CreeoI 
3630, 3730, 3850 

CrHfN, Benzylamine 

C - 0.06W; t - -190“C; Hg- 

arc 

3470, 3600, ^0. ^800, 3910._ 

» CtHcO#, c-Phthalic acid 
*C^(T); Hg-arc (»); 3100^ 

CiHrN, o-Tolunitrile 

C - 0.05N; < - -190®C; Hg- 

arc 

3760, 3800, 3930, 4000, 4110, 
4180, 4260. 
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Table 2. - 
m-Toliinitrile 

3790, 3910, 3960, 4060, 4160, 
4220, 4290,. 4440, 4650, 4650. 

CsHtN, p-Tolunitrile 

3770, 3890, 3960, 4020, 4150, 
4220, 4290, 4460, 4520, 4600. 

CsHgOi, Phenylacetic acid 
C =*0.05A^;I * -190°C; 
Hg-arc (l*» 

3440, 3570, 3640, 3790, 3860. 

CsHgOs, o-Toluic acid 
C - 0.05A^; t =» -190°C; 
Hg-arc (^®» 

3670, 3790, 3920, 4040. 

CgHgOs, m-Toluic acid 
3740, 3860, 4000, 4120, 4250. 

CgHgOg, p-Toluic acid 
3730, 3840, 3980, 4100, 4240. 

CgHio, o-Xylene 
C « Hooo; Zn-epark (*) 
2603, 2636, 2680, 2713, 2793, 
2896, 2986, 3038, 3135. 

C « O.OSN; / « -193°C; 
Hg-arc (^*) 

3480, 3560, 3610, 3670, 3790, 
3830, 3900, 4000, 4070, 4130, 

CgHio, m-Xylene 
(») 2685, 2715, 2802. 

(>•) 3540, 3610, 3670, 3730, 
3820, 3880, 3970, 4090, 4160, 
4230. 

CgHio, p-Xylene 
(«) 2681, 2739, 2801, 2865. 

(>») 3550, 3650, 3700, 3770, 
3890, 3950, 4010, 4120, 4190, 
4270. 

CgHio, Ethylbenzene 
C « 0.05N; t - -193®C; 
Hg-arc (i*) 

3460, 3680, 3640, 3780, 3870, 
4060, 4120. 

CgHioO, o-Methylcresol 
C - 0.06^; t - — 193°C; 

• Hg-arc (^») 

3660, 3620, 3760, 3860. 

CgHioO, m-Methylcresol 
3570, 3660, 3770, 3900. 4000. ' 

CgHtoO^ p-Methylcresol 
3660, 3770, 3900, 4000, 4120. 

CgHioO, Xylenol 
C • 0.066^; Hg-arc (*®» ^7) 
3570, 3660, 3780, 3890, 4010 

C»HtN, Quinoline 
C - Hoop; Zn-epark (•); 3840 

CgHis, Propylbenzene 
C - 0.06^; I - -m^C; 
Hg-aro (»•) 

8440, 3680, 3660, 3790, 3890, 
4060, 4130. 


(Conlinued) 



Mesitylene 

c 

• ^000 ; Zn-spark (») 

2698, 

2712, 2747, 2786, 2863, 

2972. 


C 

= OMN; t - -lOO^'C; 


Hg-arc (i«. » 7 ) 

3570, 

3620, 3690, 3760, 3850, 

3920, 

4000. 

( 

Pseudocumene 

C 

0.05A^; t «= -190°C; 


Hg-arc (*®i *7) 

3560, 

3650, 3770, 3880, 4000, 

4120, 

4270. 


CioHs, Naphthalene 

C 

= ^ooo; Hg-arc (^3) 

3157, 

3223, 3269, 3320, 3349, 

3386, 

3457, 3500, 3537. 

C 

*== 3 ^ 2000 ; Zn-spark (») 

3000, 

3046, 3098, 3142, 3190, 

3235, 

3292, 3340, 3386, 3447, 

3498, 

3558, 3627, 3654. 

C 

loHgO, o-(/3)-NaphthoI 

c 

= Hooo; Zn-spark (8) 

K. = 

3186, 3250, 3379; x^ - 

3274, 

3348. 

CiyH( 

>N, ot-(/3)-Naphthylamine 

c 

= 3 ^ 000 : Zn- 8 park ( 8 ) 

X« « 

3553; =» 3679. 


CioHk, Cymene 

C 

= 0.05A^; t » -190°C; 


Hg-arc (* 8 » ■^) 

3530, 

3640, 3730, 3860, 3970. 


C 12 H 10 , Diphenyl 

C 

= 3 ^ 000 : Zn-spark (8) 

2864, 

2893, 2921, 2966, 3022, 

3113, 

3186, 3321. 

Cl 

sHiiIf, Diphenylamine 

c =. 

Hooo; Zn-spark ( 8 ); 3158 

Cn 

iHij, Diphenylmethanc 

C 

=* Mooo: Zn-spark («) 

2650, 

2684, 2742, 2816, 3736, 

3924, 

4144. 

C,*H. 

Os, Purpurin in ethyl 


ether (C 4 H 10 O) 

C (?); simlight (**); 5440 


C 14 H 10 , Anthracene 

C 

=■ Hooo; Hg-arc (»*) 

3867, 

4000, 4300, 4357, 

C 

“ Hooo; Zn-spark (®) 

3658, 

3762, 3897, 4115, 4354. 

CisHioi Phenanthrene 

C 

* Ho 00 : Hg-arc (3®) 

3014, 

3100, 3166, 3271, 3343, 

3400, 

3486, 3529, 3557, 3643, 

3700, 

3749, 3834, 3943, 4043, 

4243, 

4443. 

C 

“ Hooo; Zn-spark ( 8 ) 

2971, 

2996, 3066, 3164, 3231, 

3302, 

3382, 3439, 3494, 3545, 

3614, 

3733, 3797, 3926, 3992, 

4134, 

4229. 


CmHioO, Anthranol 
C “ Mooo; Zn-spark («) 
2731, 2781, 2829, 2882, 2939, 
2990, 3063, 3119, 3190, 3441, 
3617, 3735, 3930, 4139. 

CibHieOs, Esculin 
C ==» (?); white light (26); 4600 

CifrHie, TriphenylmeLliane 

c = ^iooo: Zn-spark (®) 
2688, 2704, 2757, 2832, 3717, 
3823, 4032, 4258. 

CaoHiJBrgOs, Eosin in water 
C = (?); white light (26); 5800 

C 20 HSI 4 O&, Erythrosine in 
gelatin 

C = (?); Hg-arc (32); 4150 

CioHuOg, Fluorescein in con- 
centrated HjSOi 
C = 3 - 2000 ; Hg-arc ( 33 ) 
3200, 4700, 5100. 

C 2 -H 14 O 4 , Phenolphthalein 
c = (?); Hg-arc ( 33 ); 3000 

C 4 oHgoN 40 gS, Quinine sulfate in 

water 

C == (?); white light (26); 4370 

C 40 H 60 N 4 O 8 S, Quinine sulfate 
C = 3 ^ 000 ; Zn-spark (6); 3355 

Cyanin in gelatin 
C ^ (?); Hg-arc (32); 4000 

CisHgOi, 3, 6 - 
Dihydroxyxanthone 
C (?); Hg-arc (33); 4200 

Rhodamine in water 
C ~ (?); white light (26); 5540 

Pt(CN)i and double Pt-cyan- 
ides, Fe-spark gives same bands 
as cathode-rays (3), see Table 3. 

U 02 S 04 in water (*3); 


C = 

(?) 


4918.3 

5133.9 

5369 . 4 

5626.8 


6160.2 

5395.8 

5654.0 


5910.1 

6219.5 



6938 . 8 




U 02 (N 0 g)sin water (13); 

C - (?) 

5069 . 6, 5301 . 5, 5554 . 6 , 5832 . 9. 


U 02 (NH 4 ) 2 (S 04)2 in water 

( 13 ): C = c/j 


4912.6 

6124.6 

535.5. 4 . 5607 4 

4934.7 

6147.8 

5380 . 1 5633 3 

5881.1 

6184.0 



5908.0 

6215.7 

1 

1 


ALOg) Ruby in sunlight (^j 
-190°C (lines) 6918, 6932, 

6976,* 6985,* 7006, 7036, group 
at 7060 to 7130. 

+ 18°C (bands) 6590, 66 J) 0 . 
6760, 6790,* 6926, 6941, group f 
7016, 7046, 7060,* 7130.* 
-h226'’C (bands) 6610, 6945, 
6960; 4 diffuse bands* at 7016 
to 7130. 

• Not recorded in extraordln;ir\ 
spectrum. 

t Not recorded in ordinary •pfc- 
t rum. 

CaCOs, Calcite; Fe-spark 
(25); 2 sets of bands;* for cadi. 
A(l/X) = 420 cm"h 
5084, 5195, 5311, 5432, 5559. 
5692, 5831, 5977, 6131, 6293, 
-6464. 

5025, 5133, 5247, 53t55, 5488. 
5618, 5754, 5896, 6046, 6203, 
6369, 6545. 

* Same seta for CaO excited by 
H-flame 0^), and in catbodolumine?- 
ccnce of CaO activated with Mn ( * * ) . 

NaU 02 (C 2 Hi 02 )j, Sodium 
uranyl acetate in water (13;. 

C = (?); 6 sets of 5 bands; 
for each set, AX“' ca. 851 
cm“k 


4732.5 

4932 . 5 

5148.6 

5384 


4950.2 

5167.8 

5404 

4762.3 

4964.9 

5184.9 

5424. 

4769.2 

4972.1 

5192.2 

5431 

4785.8 
4794 . 6 

4990.2 

4999 . 2 

5221.4 

5463., 


6642.71 6663. 415685. 8|5694 . 6 


Na 2 U 02 (S 04)2 in water 

4 




" (?) 


4891.5 

6101.2 

5330.0 

5578 . 5 


5125.4 

5354.7 

5604 6 


Table 3. — Wavb-lenoths (X) of Lines and of Crests of 

Bands: Cathodoluminescence 

For effect of solvent upon wave-length of noaximum brightness of 

solid solutions, see Fig. 1 

B. P. = boiling point, d » diffuse, e =» edge of band, / » fine, 
narrow band, g — gas or vapor, m = maximum, n » nebulous, 
s strong, w = weak, D =* very diffuse, D' — very, very diffuse, 
etc.; similarly for S, S', S", W, and W\ Tabular values are X; 
bands unless lines are indicated. Unit of X » 1 A » 10~^ cm. 

A (**) g at B. P. of H: 6607.45, 5648.3 
Phosphorescence (afterglow): 4750s. 5350u> 

Ca (1 s) a lines coincide with arc linee but differ in intensity 

3181. 43FV 3630.87 3644.63 3706.18 3737.06# 

3957. 22IP 3968.635' 3973.91 4108.60 4226.905" 

4302. 70u> 4365.60# 4425.60 4435.17# 4435. 88tr 

4456 lOw 4627.35# 4581. 77u» 4686.22 

504 1 . 83u- 

Cd (•» *•) g single line spectrum: 3260.17 


3179. 60ir 
3933 815 
4240 61 
4455 005 
4878 . 38 


4685.35 
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Table 3. — {Continued) 


Dy in AljOi (*•) solid solution 


4178 

4500 

45I9tc 

4545 

4571* 

4601 

40045 

47095 

47215 

47615 

47685 

47885 

48095 

4837ir 

48615" 

4895 

4919* 

4024* 

4040 

4950j» 

49705 

4991UJ 

5644u) 

5652 

6000 

5690ti7 

6741w 

5770 

58035 

58185 

6833 W 

68805 

58915 

5045* 

6961 

6545 FF" 

6720 IP 






Dy in CaO (» 

*) solid solution 

, concentration • 1 % DyiOi 

4640 

4728 

4748 

47975 

48905 

6708 

6830* 

58485* 

5958 

67505 




Dy in CaWO# (*•) solid solution 


4479 

45-4 6s 

4020 FF 

4090D 

4739 

4782* 

4868s 

6063 IT 

5212U’ 

5342* 

5449* 

5490d 

5511 

6606 

5656 

5690* 

67475 

6787* 

681GS 

6022 FT 

6450 FF 

6588«d 

666 2d 



Er in CaO (*•) solid solution, conosntration — 1 % EriOi 

40405 

40855 

4096 

4460 

4620 

45605 

46905 

6280* 

6330* 

5606 





Eu in AliOi (*• 

) solid soluti 

on 


6040u»n 

6438d 

5584d 

5o09dd 

6905*d 

6I58Sd 

6304d 

66S8d 

6930«d 





Eu in CaO (*•) solid solution, concentration *9 1% EutOi 

41605 

41955 

42455 

42605 

4330 

4466 

4490 

4655 

46855 

4755 

5406 

68955 

69305 

6970 

61285 

6166* 

6180* 

62455 


Eu in 

CaWOi (*•) solid solution; 

rose color 


4100« 

6350m 

5720< 

5901 

5952D 

6061D 

0110« 

61485 

6199 

6546D 




Ps (••) g lines coincide with arc lines 


3440.762 

3441.156 

3570.273 

3581.349* 

3609.008U* 

3618.919UI 

3631 .606ir 

3647.988tr 

3680 069 FF 

3687. 610 FF 

3705.708UJ 

3720.0845 

3722.729u» 

3727. 778 FP 

3735.014* 

3737 281* 

3745 717* 

3748.408 

3749 631 

3758.375 

3763 945w 

3767 341 W 

3813. 100 FF 

3815 9870) 

3820.586 

3824.691 

3826.027 

3834.364u> 

3840 . 580 FF 

3866 524 

3860 0565 

3878.720 

3886.434 

3920.410u> 

3923. 054 uj 

3928 076u> 

3930. 450w 

4045. 976w 

4308.081 FF 

4326.939 FF 

4383.720 

4404 927 FF 



Fio. 1. — Wavfr-length (X«) of maximum intoaaity of cathodo- 
luminescence of solid solutions: Effect of solvent (*«). 

In each section, the activating metal (Bi, Cu, Mn, or Pb), and at 
each point, the corresponding solvent is indicated. M = molecular 
weight of solvent. 


Od in CaO (*•) solid solution, concentration «• I % 

3088. 6* 3094.0* 3134 Of 3X40. 3144. Of 3147 05 

3163,05* 3166.6* 3168.65* 



Hf (*. 

*®) <7 singl 

e line spectrum; 2536.72 



Mf (•. 

**) g single line spectrum; 2852.22 



N (**) g at B. P. 

of H: 55665, 6617*, 5654 



Phosphorescence (afterglow): 5231* 



ffa (**) g lines; those marked N are attributed to nitrogen 

3052.9 

3055 4 

3073.9 

3077 4 3078. 9u» 

3092.3* 

3128.0 

3134 9 

3149.0 

3158.8 3163.9 

3109 2ur 

3189.4 

3213.6 

3226. 8w 

3235.0 3257.9 

3274. 1 

3285.4* 

3302.8 

3304.8 

3318.2 3327.6 

3371* 

3533.3* 

3536.5 

3576 

3582 3631.6* 

3710.8 




Hg.- 

-(Coniifiusd) 



3754.8 

3S05. 1 

3882.6 

3884. 8 

3804.(Wv 

3806.6^ 

3898. SAT 

3901. 3Ar 

aooss 

3905 

3907^ 

3908.7^ 

3914Ars 

4236 

4248w 

4262NW 

4256Ar 

4259 

4262A^U7 

426a.Vu) 

4268 ATv 

4270Nv 

4271. 5Art* 

4273.0^10 

4278.2 

4308. 7t* 

4321.4 

4324.7 

4341.1 

4344.0 

4389.4 

4392.8 

4404. 8u> 

4418. 6u> 

4421.9 

4448t0 

4454 

4481.5 

4484.5 

4400w 

4493.8 

4407.3 

4541.3 

4544.8 

4664.7* 

4668 . 4s 

471010 

4748.3 

4762.2 

4862u) 

4670. 3* 

4983.6* 

5149.2 

5163.7 

6221. Oir 






Bands: 

6700 

5744 

5792 

5843 

5894 

5946 

6000 

6053 

6112 

6164 

6218 

0276 

6328 

6388 

6456 

6515 

6565 



Nd in AltO* (>*) solid solution 


36l3n, 

3634 

3651n 

3661W 

3665d 

3670d 

3685u’ 

3917UJ 

3923* 

3930* 

39435 

4006* 

40385 

40695 

4081* 

4306* 

4310* 

4340* 

4415e 

4426* 

4430* 

4453* 

4466* 

4472* 

4482e 

4405* 

4589* 

4595* 

4626* 

4645* 

4673U7 

4709* 

4851 

48845 

4013* 

404810 

63055 

5506* 

6672 





Nd in CaO (* 

®) solid solution, oonoentration • 1 % NdiOi 

39205 

3980 

41905 

42205 

42305 

42955 

45755 







Nd in CaWOd (**) solid solution, continuous spectrum, blue 


Pr in CaO (» 

®) solid solution, concentration « 1 % Pr>0« 

48755 

4940 

6170 

60455* 

60655* 

6160t 

6200t 

62605 

63405 





Pr in CaWOd (**) solid solution 


4756D 

48745 

4080d 

5092D 

6189D 

5284D 

63245 

5412d 

5405ud 

6574t* 

5683«d 

5748 Wd 

5773 FFd 

6940d 

6034* 

6100D 

6194* 

6278 

6394 

65005 

6540tsd 




Pt(CN) 

» and double Pt-oy^nides of Ba, Ca, K, 

K>Ca, KLi, KNa. Mg. NH«. 


Na. and 6r (*). Positions of bands are same for all. but relative intsnaltiM 
differ; positions depend upon hydration. 


Dehydrated aaJts; 


4100 

4300 

4620 

4740 


5370 

5780 

6480 

6560 

Salta not 

dehydrated: 


4140 

4300 

4610 

4720 

4020 

5340 

5700 

5020 

6370 



Ss in AltOi (>*) solid solution 


4700n 

4850a 

6070 FF 

5176FF 

5353t05 

544010 

5405u> 

6550 

56445 

67305 

5817* 

585710 

5900 

6990 

61075 

61945' 

6230/ 

62655 

6387w 

650 5u7 

6618 

6753 




8« in CaO (®*) solid solution, eoncentratjon 1 % SatOi 

5486 

5561 

56835 

67025 

60625* 

61505* 

6205 

6605t 

6740t 






8« in CaWOi 

1 (**) solid solution 


6272* 

5300m 

5460* 

5545d 

5628* 

66805 

588 5d 

59525 

50945 

00605 

60725 

61245 

63685 

64205 

64605 

65445 

7100w 

7000 FF 



Tb in AlfOi (**) solid solution 


3532 FF 

3543n 

3565a 

3591n 

3611a 

6646V 

3653t0 

3660w 

3685 

3702* 

3760* 

3778* 

3795* 

3707 

38125 

38285 

3847* 

3853* 

38895 

39065' 

3986* 

4014 

40295 

4000 

41025 

4121* 

4122u> 

4131tD 

4141* 

4159* 

4170UJ 

4180 

41015 

4212* 

42295 

42308' 

4306 

43305 

43605 

43025" 

44145" 

44375" 

44615 

44905 

4554 

46005 

46065 

4664V 

4743* 

4767* 

4788* 

4813«0 

4832 

48625 

4878* 

5000 

60185" 

5454a 

65175 

65735" 

5807 

5856 

58801* 

5020* 

5060n 

0264* 


Tb in CaO (®*) solid soluti 

on, concentration — 1 % Tb*0* 

37705 

37875 

38055, 

38805 

30005 

41805 

41005 

42005 

42105 

43605 

43705 

43955 

48555 

54255 

64055* 

55215* 

55505 

68435 

68785 

50555 

00175 

63305 





Tb in CaWO* 

(**) solid solution 


3720 FF 

3762t0 

3780 

3819 

3853 

4100 

4140* 

4168 

4243t* 

431110 

433210 

43555 

4379 

4308 

4427 

4563 

4588 

4707 

4738 

4759 

48505 

48705 

4006* 

4961* 

499Ot0 

5425* 

54585" 

54915' 

5517* 

5808 

5839 

68815 

5801* 

5051 

5979 IF 

6168* 

62145 

6267* 

0203d 

64125 

04565 

6542 

6717* 

6822 IF 

7400 FF 





Zo (•» 

®*) g single line spectrum: 

3075.90 


^ Overtapa the dmiltfly marked Adjacent b^d. 



t Overlape the dmiJArly marked adjacent band 
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Tabud 4. — WAVB-LBNaTHS (X) OF Crests OF Bands: 

Chemiluminescence 

Certain chemical reactions proceeding at low temperatures 
give rise to luminescence. The bands recorded below are due to 
oxidation. «, lo « strong, weak: S, W = very strong, very weak., 
Tabular values are; X unit =■ 1 A = 10“* cm. 

P, Phosphorus (^) 

2381Tr 2387Tr 2398« 2454s 24585 24745 

2507 IT 2617Tr 2531 IT 254417 257917 258717 

261317 333917 

For brightness and efficiency of luminescence of N saturated 

with P-vapor, see Table 9. 

C«H«Oi, Pyrogallol (3®); 4590 (width = 360 A) 

T awtjb 6. — Wave-lengths (X) of Crests of Bands: 
Luminescence Excited by Flames, X-rayb, and 
Radiations from Radioactive Substances 
FI, X, RR =* excitation by flame, X-rays, radioactive radiations. 
C, Diamond (3®) RR: 4030, 4120, 5510 

Cb,0», Fl(33) two sets of bands: 4831, 5500, 6748; and 5020, 6747, 

6196. 


BaPt(CN)* 

RR (3®) 

6430 to 6040 

wide crest 

BaPt (CN)4 

X(2) 

continuous spectrum* 


BaS04 

X(28) 

3120 to 4760 

crest 3640 



2700 to 5000 

crest 3830* 

CaPt(CN)4 

RR (30) 

4770 to 6170 

crest 4900 

Cals 

X(28) 

4170 to 5000 

crest 4570 



6130 to 5880 

crest 5520 

Cul, 

X(28) 

4080 to 4760 

crest 4350 

Hgl, 

X (28) 

6400 to 5710 

crest 5560 

KLiCl, 

X (28) 

2780 to 3330 

crest 3100 



3850 to 5000 

crest 4500 

K,Pt(CN)4 

X(2) 

continuous spectrum 


KLiPt(CN)4 

RR (30) 

5550 to 6970 

crest 5760 

KNaPt(CN)4 

RR (30) 

6340 to 5790 

crest 5670 

LisPt(CN)4 

X(2) 

continuous spectrum 


LiRbPt(CN)4 

RR (30) 

5400 to 6820 

crest 5590 

MgPt(CN)4 

X(2) 

continuous spectrum 


(NH4)sPt(CN)4 

X (2) 

continuous spectrum 


Rb,Pt(CN)4 

RR (30) 

4600 to 4860 

crest 4760 

Rb,Pt(CN)4 

X(2) 

continuous spectrum 


Th[Pt(CN)4]. 

X(2) 

continuous spectrum 


ZnO 

X(28) 

4350 to 6130 

crest 4830 



5400 to 5880 

crest 5630 


* Expoeure twice as long as for preceding entry. 

Table 6. — Flame Excitation: Temperature Limits (37) 
Certain substances luminesce below 1000®C when placed in that 
portion of a H-flame which lies between the reducing and the 
oxidising cones. The temperature limits (fi and between 


which luminescence occurs, and the color of the luminescent bands 
are given below. 


Substance | 

”C 1 

h. °c 1 

Color 

A1,0, 

55 

692 

Pale green 

CftF 

68 

310 

Yellow-green 

CaO 

0 

600 

Red 

CaO 

40 

725 

Green 

CaS 

60 

330 

Blue-green 

CbiO* 

(?) 

(?) 

see Table 5 

Cd,(P04)l 

60 

733 

! Yellow 

MgO 

76 

680 

Blue-green 

SiO, 

86 

367 

White 

ZnO 

568 

704 

Red 

ZnO 

704 

948 

Green 

ZnS 

0 

123 

Yellow 

ZnS 

211 

676 

Blue-green 

ZrO, 

76 

372 

Blue-green 

ZrO, 

440 

720 

Red 


Table 7. — Frequency Intervals between Bands 
Aa[A(] =■ interval in 1/X between adjacent members of a set of 
bands in the absorption (luminescent] spectrum. Frequency 
intervals are cAa and cAj. Unit of Aa and of Ai = 1 cm. ^ 

Uranyl (UOj) compounds (2^); for absorption, see (<) 


Compound 

Az i 

1 ^ 

CstUOxCl* 

1 834.4 

705.4 

K,UO,Cl4.2H,0 

835.8 

702 2 

(NH4)2U0,Cl4.2H,0 

833.2 

710 6 

Rb2U02Cl4.2H,0 

835.0 

708 '4 

U02S04.3H,0 

852.0 

696.0 

Cs,U0,(S04)i.2Hj0 

; 857.0 

704 

KiU0j(S04)2.2Hi0 

830.0 

703.0 

(NH4)iU0,(S04)..2Hj0 

837 . 0 

703 0 

Na,U02(S04)j.3H,0 

843.0 

713.0 

RbjU0,{S04)..2Hj0 

832.0 

1 

698.0 

U02(N03)2.6H20... 

859.0 

714.3 

NH4U02(N03)3 

877 0 

743.7 

(NH4)sU0,(N0a)4.2H,0 

842.8 

698.7 

KU02(N03)» 

869.0 

730.7 

K3U02(N03)4 

867.2 

734 0 

U 0 a(CjH 302)2 (acetate) 

859.6 

710.4 

U0,(CsH,0,),.2H,0 

857.2 

723,5 

AgUOaCCaHjO:), 

847.4 

700.1 

Ba(UO,),(C,H.Oj),.6H,0 

860.8 

713.6 

Ca(U03)2(CaH30a)«.8Ha0 

838.8 

705.4 

KU02(CaH,0t)3 

845.7 

691.8 

LiUOa(C2H,02)a.3HaO 

845.0 

.702.7 

Mg(UOa),(C2HjO,),.7H,0 

851.9 

706.0 

MnUO,(CsHj02)4.6H,0 

851.9 

712.5 

NH4UO,(CsH,0,)3 

844.0 

701.9 

NaUO,(CsHaOj), 

852.2 

704.6 

PbU02(C2H,04)4.4H20 

851.2 

712.1 

RbU0,(CaH302)3 

848.6 

707.8 

Sr(U 0 ,)s(CsH 30 ,),. 6 H ,0 

847.4 

701.1 

Zn(U0,)»(C,H,0,),.7H,0 

845.1 

707.7 



Fiq. 2. — Mean frequency interval between bands of cathodo'> 
luminescence of solid solutions: Effect of atomic weight of activating 
element {**). 


Elements in solid solution in CaO;* cathodoluminescence (34 



Seta 1 

A, i' 

1 

Sets 1 

A( 

A a 

2 

212 

Bi 

1 

146 

"o 

A1 

1 

598 

1 

1 

1 

1 

2 

202 

Ba . . 1 

1 

199 

Ca 

2 

426 



1 

2 

203 


2 

512 

Be 

2 

1145 

Cb 

1 

215 





2 

255 


• CaCOi excited by Fo-Bpark (*•), CaO excited by H-Aamc (**). and enthod- 
olumineacenco of CaO activated with Mn (**), all emit the eanic two ,*crici* of • 
bunds chuructcrired by St ■■ 420 cni“*; set* Fig, 2. 
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Table 7. — (Continued) 



Sets 1 

A. 1 


Sets 

1 Ai 

Cd 

1 

187 

Mo (Continued) . 

2 

236 


2 

226 

Na 

2 

700 

Ce 

1 

172 

Nb 

1 


1 

2 

223 

Nd 

Ovt/ 1./ 

1 

183 

Co 

2 

322 

1 

2 

201 


2 

399 

Ni 

2 

: 367 

Cr 

2 

364 ' 

Pb 

1 

' 165 


2 

423 

1 

2 ! 

185 

Cu 

2 

340 

Pr I 

1 1 

170 

Dy 

2 

182 


2 

218 

Er 

2 

183 

Rb 1 

1 ^ 

1 256 

Fc 

2 

374 

Sa 

1 

^ 167 

Ga 

3 

302 

1 

1 

2 

1 VI 1 

208 

Gd 

2 

186 

Sb 

1 

101 

Ge 

2 

284 


2 

212 

G1 

see Be 


Sn 

1 

100 

Hg 

1 ' 

171 

as... 

2 ! 

206 


2 

180 

Sr 

2 

225 

Ho 

1 

186 


2 

275 

K 

2 

465 

Ti 1 

2 

424 


2 

512 

Tl 

4m 

1 

174 

La 

2 

196 

V 

2 

392 

Li 

1 

1218 


49 

2 

405 


2 

1236 

Yt 

1 

223 

Mg 

1 

657 


2 

243 

Mn 

2 

340 

Zn 

2 

326 


2 

420 

Zr 

1 

227 

Mo 

2 

209 


9 ; 

' ^ 1 

242 


Other substances 


Substance | 

Excited | Series 1 

1 A, 1 

1 Lit. 

CaO 

H-flame 

m 

420 ; 

(12) 

CaCOi 

Fe-spark 

WB 

420 

(25) 

Cb,0, 

H-flame 

Ira 

210 

(23) 


Table 8. — Variation of Luminescence with Concentration 


B « brightness; C « m/M, mlAf) = mass of substance (of 
solvent *1; e too weak for measurement. For each mixture the 
excitation is same for all values of C. Unit of B is arbitrary. 


Type 

Cathodoluminescence 

Fluorescence (38) 

Substance 

SmiOi 1 

MnO 1 

MnO* 

Fluorescein, (CjoHitOj) 

Solvent 

CaO 

CaO 

Ca,(P 04 )i 

HjO with trace of 


(0.1) 

(6.1) 

(0.2) 

Nn 40 H 


c 

B 

1 c 

1 B/G 


0 

1 

0 6 

0 

6 X 10-» 

21.8 

O.OOl 

0.00001 

1 

2 

4 

1 X 10-» 

20.6 

0.002 

0.00010 

2 

4 

s 

4 

2 X 10“* 

18.7 

0.004 

■iKiTtlOdJ 

4 

6 


4 X lO-* 

18.8 

0,007 

0.0010 

6 

9 

8 

8 X 10-» 

17.1 

0.014 

0.0018 

8 



16 X 10-» 

17 2 

0.028 



1 

16 

6 X 10-* 

17.2 

1.0 




21 

12 X 10“» 

17.3 

2.1 


10 

10 


25 X 10-* 

15.7 

3.9 


9 

0 

20 

5 X 10-» 

14.3 

7.2 


So 

8 


1 X 10-^ 

10.2 

10.2 


7 



2 X 10~* 

4.39 

8.8 



a 

« 

4 X 10~* 

1 

4.0 



6 





0.1 


4 

« 




0.3 



0 





4 

4 

0 




1.0 

0 

0 

0 





* BoWent C«a(P 04 )i» M I* noMS of the equivalent amount of CaO. 

t Computed from B/C, wMeb U corrected for absorption and radiation other 
Ahno that due to active moleoulee. 


Table 9. — Miscellaneous Data 


Fatigue Esculin (CisHuOt) in HiO, concentration >■ 

4 in 100 000, continuous excitation by Hg-arc in SiO, tube, time (r) 
measured from beginning of exposure, brightness (B) in an arbi- 
trary unit. 


T 

B 


0 

3 

6 

10 

15 

21 

25 

31 

41 

55 

83 

68 

57 

39 

22 

12 

7 

1 

3 

2 

1 


mm 


If 55 5 : T 5 : 21 min, = -0.15 -f- 0.021 r. 

Decay of Luminescence (35). — N at pressure = 0.22 mm of Hg, 
excitation by electrodeless discharge for 3.95 sec, time (r) measured 


T 

3.70 

5.85 

8.85 

11.30 

14.60 

19.50 

25.65 sec 

B 

100 

50 

25 1 

15 

10 

6 1 

3.5 


Energy Emitted during Phosphorescence (*®). — ZnS activated 
l)y Cu, I g Cu to 10^ g ZnS. Total light — 0.248 candle-second 
per cm^; total energy = 6680 erg = 22.5 kg-cal per g-atom of 
Cu - 0.42 quantum of radiation (X = 5330 A) per atom of Cu. ' 
Efficiency of Chemiluminescence (*). — N saturated with vapor 
of P at 25°C. B — 0.0215 millilambert, efficiency = 1.1 lumen 
per kilowatt of energy emitted during the reaction. 

Effect of Pressure (p) upon Luminescence of N (35). — Excited by 
continuous electrodeless discharge; brightness (B) in an arbitrary 
unit. 


P 

0.080 

0.106, 

0.144 

0.192 

0.257 


0.440 mm 

B 

63.3 

173 

364 

902 

2 200 


20 400 


B ^ 129 OOOp*. 


Variation of Fluorescence with Depth . — Owing to absorption, the 
intensity of the active constituents of the exciting radiation pro- 
gressively decreases as the radiation penetrates the substance; the 
brightness (B,) of the fluorescence excited in the layer at depth x, 
likewise decreases. Tlie values of B, for (o) uranium glass, (6) 
quinine sulfate (C^oHioN^OaS) in H|0 with trace of HNOi, and 
(c) fluore.scein (CiorfijOi) in HiO with trace of NaOH are as 
follows (* * ) : 


Unit of X =» 1 mm; of B, is arbitrary 


X 

1 a 

1 6 

1 c 

0 

4.60 


1.72 

1 


2.88 

1.11 

2 

2.24^ 


0.54 

3 

1 70 

1.69 

0.34 

4 

1.37 

1.10 

0.17 

5 

1 14 

0.76 

Qyl2 

6 

0.96 



7 

0.60 



8 

0.48 



9 

0.36 




Within about ± 10 % these can be represented by the expression 
B, - where tu - 0.28, m* - 0.34, m* - 0.56. The value 

of p will vary with, the concentration. 
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FLUORESCENCE OF GASES 

C. D. Child 


There are several distinct types of fluorescence in gases : 

1, The simplest type is an atomic phenomenon in which the 
emitted radiation has the same frequency as the exciting light 
(8, 18^ 80 , 53). This has been called resonance radiation. The 
following table shows the wave-lengths (X) which have been used 
to excite such radiation in various vapors (unit of X » 1 A). 


Vapor 

X 

Lit. 

Bi 

2277, 3068 i 

(42.57) 

Cd 

2289, 3262 

(22, 43) 

Hg 

1849, 2537 

(3. 12, 16, 19, 21, 39, 
40, 41, 51, 61, 64, 

li 

6708 

V) 

Na 

3303, 5890, 6896 

(56, 60, 66) 

Pb 

2833 

(42, 57) 

T1 

2768, 3776 

(28, 42, 57) 

Zn 

2139, 3075 

(52, 59) 


2. In some cases an atomic vapor will emit certain lines of its 
arc spectrum of wave-lengths different from those of the exciting 
light (*^* 42, 57), Such lines are said to be optically excited. 

Many of the mercury lines have been excited in this manner and 
also Xb. » 4723; Xpb “ 3640, 4068; X-n, = 5351, 3530 A. 

3. In a third type, which is a molecular phenomenon, a spectrum 

of 20 to 40 lines is emitted, one line being of the same frequency 
as that of the exciting radiation, one to three lines being of higher, 
and the remainder of lower frequency («i 25, 27, 30 , 32 , 33, 34, 

*«i 38, 47, 88, 62, 68, 69), Such Spectra are called resonance 
spectra. In the vapors of I, Na and K they have been excited by 
a great number of wave-lengths. 

4. In a fourth t 3 rpe there is no simple relation between the emit^ 
ted and the exciting radiation (7, 9, 26 , 31 , 36, S7, 42, 46, 54 , 57). 

In this t 3 rpe the emitted spectrum usually consists of many lines, 

ih some cases it contains bands, and with Hg-vapor at pressure of 

0.45 mm Hg it seems to be continuous from the yellow to 3000 A. 

This type has been observed with many pure gases, and with the 

vapors of Hg, I, K and Na when they are mixed with other gases. 

In some cases the exciting radiation may be changed through 

wide li^ta without producing any change in the character of the 
enutted radiation. 

Polariimtion (•, 17, 20 , 22 , 22 , 44)._in the absence of a mag- 
ne 1C e d, the radiation in types 1 and 3 is generally polarized in 
the Ba.me direction as the exciting light. The amount of polariza- 
tion depends upon the gas and upon many external conditions, 
and in some cases is greatly affected by a weak magnetic field. 

radiation in type 4 has never been found to be polarized. 
Effect of Magnetic Fields (»i to, ii, is, 24, 49 , 55 , ss, 67 , 70 )._ 

Magnetic fields are known to affect the polarization and intensity 


of the radiation in type 1, and the intensity in type 3. The 
effect on type 1 varies with the direction of emission, and depends 
on the direction of the field with respect to the direction and plane 
of jx)larization of the incident light. In this respect resonance 
radiation is very sensitive, res|x>nding markedly to a field strength 
of one gauss in the case of Hg2537, and to a field strength of less 
than 100 gauss for the D lines of sodium. 

Observations on type 3 have shown that, at least in the case of 
iodine vapor, the fluorescence is practically extinguished in fields 
stronger than 30 000 gauss. 

General discussion of fluorescence of gases (5» 45, 63). 
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INTRODUCTION 

Spectral Series. — In most line spectra there have been found 
certain groups of lines which are distributed in a regular manner. 
Each of these groups is called a spectral series. In any series the 
wave number (1/X) of every line can be written as a difference 
between two spectral terms (1/X = T, - r»)— combination 
principle of Rydberg-Ritz (76» 234). Throughout this report X 
is the wave-length of the line in a vacuum. For each spectrum, 
the terms (T), which are much less numerous than the lines, can be 
arranged in sequences characteristic of the element producing it. 
On Bohr’s theory, h;'(=hc/X) where and Et 

denote the energy of the emitting atom in two '‘stationary” states; 
on this theory, except for an additive constant, Ti = —Ei/hc^ 

Tt ~ — .Ei/hc. Hence the spectral terms are often called energy 
levels of the atom. 

If we neglect the “fine structure” of the lines, atoms containing 
only one electron external to the nucleus (H,' He+, etc.) emit 
spectra having only one scries of terms; T\i = Nn/m', Tu»* = 

where Nn = 109 677.7 cm"*, = 109 722.1 cm'', 

m = 1, 2, 3, . . . , CO. is called the Rydberg constant, or 
wave-number, and on Bohr’s theory its value for an atom of mass 
M i3 Nsi ^ 2t* moe*h->c-i M/(M -f mo) = N^M/{M -f- mo). 
The best available values for Nn are 109 677.7 ± 0.2 (’«) 
and 109 677.26 ± 0.23 (*^®); the former is used by Paschen 
(**®) and others, and U accepted for this report. Taking Afn/mo 
- 1847 (c/. Vol. 1, p. 18), this gives Nu = 109 677,7 + 59.37 

V “ At.'^wt.) ®PP**o^* 10^ 737.1; the latter differs 

notably from the value derived from the fundamental constants 
accepted for the I. C. T. (c/. Vol. I, p. 17, 18), the difference 
arising from slight errors in the accepted values for e, h, and e/mo, 
especially the latter, 

. If the atom contains more than one external electron, there is 
more than one sequence of terms. The different sequences are 
generally designated by the letters a, p, d, . . . , and the 
general terms by nw, mp, . . . (sometimes by (m, «), (m, p), 

. . . ) where m is an integer. In the simplest case the general 
scheme is as shown in (1) 

Is 2a 


( 1 ) 


3« 

4s 

5s . 

. ms 

3p 

4p 

5p 

. mp 

3d 

4d 

6d . 

md 


if 

6/ . 

m/ 



5ff . 





mh 


In each sequence the value of the term approaches zero with 
increasing m and often can approximately be represented by 
Njf/{m -f- a)*, where a is a constant. For closer approximations, 

> Thin Mctioa oootaina <UU and blblio(craphy to March, 1928. bnt th© report 
waa ori«inaIly prepared in 1925 and it hae been iropoanble to chance the nota- 
tion and the arrangement of the Ublen ao aa to make them accord with tha more 
recent theoretical work (»«« f***)). The numeroua, more or less isolated, acta 
of muliipleta which have been diacovered are included by literature reference 
only. AM additions to the 1926 report have been made by V. Thorsen, who alao 
took part in the preparation of that report. 


see (^®); (»<>). In most spectra the p-terms, d-terms, 

are multiple, being divisible into 2 or more sequences, denoted as 

mpi, mp,, . . . mdi^ mdi, . . . In many spectra 2 or more such 

systems of multiple-term sequences with different multiplicities 
occur, the different systems in any spectrum exhibiting either all 
even or all odd multiplicity. In several spectra there is in addition 
a distinctly different scheme of terms in which the members of a 
sequence are approximately represented by the expression A + 

(m 4- a)*' These terms are called anomalous, displaced, or 
primed terms. 

Permissible Lines. — When more than one sequence of terms 
exists, we do not find lines corresponding to the differences of all 
possible pairs of terms, but only of certain particular pairs. For 
the simplest case, scheme 1, lines are rarely found except for the 
cases indicated in Table 1; these correspond to “permissible” lines. 

Table 1. — Term Differences Correspondinq to 

Permissible Lines 


Sericfl 

t l/X* 

1 

il i/x 

1 m 1 

il iTx 

1 mi 

1 mi 

Principal 

l#-mpl >1 


>2 

mie-mtp 

>0 

>mi 

let subordinatet 

2p-frui 

>2 

3p-md 

>3 

fnxp^Pttd 

>1 

>mi 

FundaracnlAlt 

3^— m/ 
etc. 

>3 

\d-mf 

etc. 

>4 

etc. 

>2 

>m\ 

2Dd eubordioate} 

2p-fn0 

>i 

3p-»M 

>2 


>I 



3d^mp 

>2 

4d~mp 

>3 

mxd^^tp 

>2 

?mi 


4f-md 

etc. 

>3 

5/-md 

etc. 

>4 

mi/-mid 

etc. 

>3 

5mi 


t Diffuse subordinRle eeriee. 


I Sharp subordinate eeriee. 


There are similar limitations upon the line-producing differences 
between the components of multiple terms, as between and d/, 
and between terms belonging to different systems of sequences. 

The general features of series spectra may be interpreted on 
Bohr’s theory by assuming that in each of the several stationary 
states involved in the emission of the lines of a series, one electron, 
the so-called series electron, is moving in an orbit which is large aa 
compared with those of the other electrons, and which differs from 
state to state, and that this electron has a general central motion; 
i.e., it has a plane periodic motion on which is superposed a rota- 
tion of the orbit in the plane, the plane itself performing a uniform 
precession around an invariable axis fixed in the atom. For such a 
motion, the stationary states are characterized by 3 quantum 
numbers, n, k, j. The main quantum number n is correlated with 
the period of revolution of the electron, k with the rotation of the 
orbit in its plane, and j with the precession of the orbital plane. 
We may write: Angular momentum of electron in plane of orbit *■ 
kh/2-r; total angular momentum of electron jhl2r. For this 
type of motion, n may change by any integral number at any 
transition, but the correspondence principle restricts the actual 
transitions to such as correspond to a change of k by one unit and 
of J by either one or no unit. This interprets the empirically 
discovered seleiction rules of Table 1 if A: * 1 for the s-sequence, 2 
for the p-, 3 for the d-, etc. It also interprets the observed restrio- 
tions in the intcrcombination of the multiple terms if to each 
component of a multiple term is ascribed a certain vahie of J- 
The anomalous or primed terms are interpreted as arising from the 
simultaneous excitation of more than one electron. It is possible 
to assign to these terms such quantum numbers k and j that the 
selection rules governing pairs of primed terms are the same as 
those for ordinary terms; but those governing combinations involv- 
ing a primed and an ordinary term, which are characterized by 
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special Zeeman patt43rn8, differ, in that k must remain unchanged 
or must change by two units. On this theory, the capricious 
appearance of lines corresponding to combinations that do not 
satisfy these rules is ascribed to the perturbing influence of external 
forces (*®). 

The simple model considered in this theory does not offer a 
sufficient basis for the interpretation of the multiplicity of the 
terms, the separation of the components of the multiplets, the laws 
of their anomalous Zeeman effect, and other fine details. Hence it 

iifficult to assign definite, absolute values to the quantum num- 
b o corresponding to each term. This is especially true of j, for 
which there is at present no generally accepted assignment; but if 
the /-value for one sequence is fixed, it is possible in all other 
sequences of the same spectrum to fix uniquely the /-value in such 
a way that the only combinations giving permissible lines are those 
corresponding to the restrictions already mentioned. The values 
proposed by Sommerfeld 298) for spectra of the simplest 

types are shown in Fig. 1, where the j>erinissible combinations are 
shown by connecting lines; in combinations between systems of 
different multiplicities, that in which / remains unaltered and = 0 
is not permissible. 


k«i s 


K«2 p 


k*3 d 


l<-4 f 


k-5 8 


Singlvt Tripkt Quintet 



1 ^ 0 . 1 . 



Notation Used in This Report. — In view of the uncertainties 
mentioned, we have refrained from basing the term notation 
entirely upon the quantum symbols. As the theory is incomplete, 
we take no account of the theoretical values of n, now used as 
serial number by Paschen (233)^ but in general we follow the notar 
tion hitherto used by him (234); 

1. The serial number of the terms is in accordance with scheme 
(1) (Ritz-notation), the number 1 being used for the first s-term, 
2 for the first p-term, etc. But if the normal state of the atom is 
not an s-State or if the first «-term is not the largest term in the 
system, the first s-tcrm is called 2«. (2) The letter notation of the 

sequences is in accordance with scheme (1); if there are two sys- 
tems, capitals are used for sequences of lower multiplicity; in other 
cases small letters are used. (3) Components of multiple terms 
are denoted by numerical subscripts, as pi, p*, pi. The subscript 
1 is assigned to that term which, from the combination rules and 
the relative intensities, is inferred to correspond tb the highest 
value of/; this term is the smallest in the ordinary and the largest 
in the inverse type of system. (4) The so-called anomalous, dis- 
pla^d, or accented terms giving sequences of the type A -4- 

(wT-fV* primes, etc. (p', p", . . . ). Primes, 

. are also used for distinguishing the several components of 
the multiple sets of multiple terms occurring in the systems of Cr, 
Mo, and Mn. (6) The spectrum of a multiply ionized atom is 
indicated by placing after the chemical symbol a Roman numeral 
denoting the multiplicity of the ionization; thus, Si /, Si //, Si III, 

Other Notations. — (1) Serujl Number . — In his later work, 
Paschen (23») uses the theoretical value of n as the serial number, 
but the theory is incomplete. Fowler uses that value of m which 



makes a < 1 or nearly = 1 in the exprcrsHion .Vo (m -f- in 
most spectra this requires our 2p U^nn to be culled Ip, on; 
term to be called sometimes 2d and sometimes Id, etc. 

2. Sequence Notation . — Fowler uses Greek letters a, », b, 

for the doublet system. Our /-terms arc denoted by h by 
Takamine, and Werner and some others, and by by Kosh- 

destvenskii (2^5)^ Serie.s beyond our/ were formerly denoUtd by 
N/5^, N /(y^y . . . ; Paschen and Fowler now denote them by 

. . . , Roshdestvenskii by A*, A*, . . , , Hausen, raka- 
mine, and Werner (^^5) by e, f, g, . . . 

3. Components of Multiple Terma . — Fowler now uses the nota- 
tion of this report, but formerly, while using that for the p-terms, 
he used d, d', d", . . . for the d-terma. Sommerfeld proposes 
the use of subscripts having the values of / if the multiplicity Ls odd, 
and of (J -\- if multiplicity is even. In the simplest ca-ses the 
correspondence between the Sommerfeld notation and that here 
used is as shown below: 


Notation 

Doublets 

Triplets 

Here used 

P\ Pi 

di dt 

fi/i 

Pl Pt pt 

d\ dt dt 

h h fi 

Sommerfeld 

Pt Pi 

d, dt 

/*/> 

Pt p\ PQ 

dt dt di 

fi h h 


4. Russell and Saunders' Notation (357), — Russell and Saunders 
propose that the general term be represented by m'Di. For the 
serial number m they provisionally take the values used by Fowler; 
capitals replace the small letters in scheme (1), and thus indicate 
the value of k; r denotes the multiplicity of the term; and i indi- 
cates the component of the multiple term; it is intended to be the 
integral value of / or of (/ + H)- The index r may be omitted if 
term is a singlet, and i may be omitted if it is a singlet or an unre- 
solved multiplet. 


Table 2. — Term Values for Spectral Series 

Term values are calculated from wave-lengths expressed in the 
international scale and reduced to vacuum (by tables of Bureau of 
Standards (*®®)). Only terms calculated from observed lines are 
given. Value of n for first term in each sequence is printed in bold 
face, if known; value of is indicated by term symbol (for s, 
k = 1; pj k — 2; etc.), and of / by lower index of the Russell- 
Saunders* notation (given in parentheses) — the index = / if the 
multiplicity is odd, = / + M even. For terms greater than 
1000 cm“* the “effective” quantum number (n*) is given in 
italics (n** = t^Nm/T where T — term value and (r — 1) = 
degree of ionization); errors in n* may amount to O.OOl. For 
wave-lengths used, see (76, 119, 233, 234)1 and references men- 
tioned in the table. Graphical representations, see (31). ( ) 

indicates value is uncertain; int. — international; b — uncer- 
tainty in term value; n, k, j = quantum numbers, N = Rydberg 
constant, based on N^ = 109 737.1; series notation, see p. 392. 
Unit of T, 5, and N = 1 cm“* if 1 int. A = 10"* cm. 

A Z - 18. Na = 109 736.6. 

A I (204, 205, 206, 272, 273). 

A III (>24). 

Ag Z = 47. Na» = 109 736.6. 

Ag 7 (>29, 239, 243, 283). Limits (76). 

4 


m 

1 1 

2 

3 

4 

1 5 ' 

6 

ms (m*5i) 
n ; n* 
mp* (m»Pi) 
n ; n* 
mpi (m*Pi) 
n ; n* 

61 005.0 
8; 1.930 

18 640.0 

31 643.6 
• : 1.866 
30 623.0 
i ; 1 .893 

0 200.0 

3 46t 
12 708. 7J 
8.981 
12 606.81 
t.961 

6 516.2 

4 -Adi 

3 676.6 
6. 639 

2 606.5 
6.489 


t In new scrica formulae have been calculated, X is ezpresaod io int. A but 
/Vh uflod for all elemente; in (*»». *»<) moat X's are on Rowland's scale; in 
(***) it is not stated whether term values are baaed on int. A or Rowland’s scale, 
and in some instances the scale is not the same for all sequences of the same 
element. 

X Calculated from (p, p) combinations; oonfirmed by observations (***). 
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Ag I . — {Continued) 


m 

1 1 

1 : 

1 

1 3 

1 4 

; 5 

1 6 

mdi (m^Di) 


1 


12 351 6 

6 891.4 

4 304.3 

3 040.2 

a ; n* 




3; 8.981 

3.990 

4.997 

6.008 

mdi 




12 331 3 

0 880.7 

4 388.6 

3 036.9 

a ; n* 




6; 8.983 

5.994 

6.001 

6.018 

m/ (m'F) 





6 891.3 

4 386.2: 


a ; n* 





4 ; 5 . 990 

6.002 


m 'I 

7 

1 

1 i 

8 1 

1 

1 m 

7 

8 1 

9 


1 957.5, 

1 526.6 

m<ii 

2 224.6 


; 1 337 3 

n* 

J 

’.488 

8.478 

n* 

7.084 

8.059 

9.069 


A1 II. Triplet system, — {Continued) 


Ag I! (9. >84). 

M Z = 13. A^ai = 109 734.9. 

A1 1 (130, 202, 222). Limits (76) 


m 

2 

1 3 

\ 4 

5 

6 

m# (m*Si) 

22 933 3 

10 501.6 

6 136 8 

4 007.7 

2 833.2 

a: n* 

4; 8.187 

3.819 

4.828 

6.835 

6.885 

mpi (m>Pt) 

48 280.9 

15 331,7 

8 000 2 

4 940.0 

3 352-6 

a ; n* 

3 ; 1.608 

8.676 

3.708 

4 710 

6.728 

mpi (m*Pi) 

48 168.8 

15 316.6 

8 003.2 

4 943.2 

3 360.6 

a ; n* 

8: i .509 

8.677 

5.705 

4 7// 

6.784 

mdt 


15 845.5 

9 351.7 

6 047.4 

4 114.3 

a ; n* 


3; 8.631 

5.486 

4.860 

6.166 

mdi (m>Di) 


15 844.2 

9 347.2 

0.043.3 

4 112.1 

a ; n* 


3; e.65h 

5.497 

4 861 

5.155 

m/ (m»F) 


t 1 

6 962.3 

4 451.2 

3 087.7 

a ; n* 



4 ; 5 . 970 

4 966 

6.961 

m 

7 1 

' ® -J 

f 0 

[ _ j 

11 

mdt (m*Z)t) 

2 936.0 

2 187.1* 

1 684 6 

1 338 0 

1 088 9 

n* 

0.115 

7.094 

8.071 

9.066 

10.059 

mdt (m^Dt) 

2 935.1 

2 185.7 

1 684.3 

1 330 9 

\ 091.0 


6.114 

7.086 

8.071 

0.060 

10.080 


A1 //. Terms: singlet (278)j cf. (253)^ triplet (232). Spectrum 
IS analogous to that of Mg /. 

Singlet system- 


m 

1 

2 

1 3 

1 4 

6 

1 6 

m*S 

161 860.4 

56 512.0 

36 496.2 

10 084.0 

13 061.1 

9 490.6 

a; n* 

3 ; 1.700 

8.787 

5. 794 

4.^95 

6.797 

6.798 

mP (miPi) 


92 010 7 

44 942.2 

25 993.7 

16 043.1 

11 943.7 

a ; n* 


3; 9. /94 

5.186 

^4 160 

6.090 

6.068 

mD (m*Z)i) 



66 381.4 

4r772.9 


17 946 3 

a; n* 



8; 8.671 

^.848 

4.087 

4.945 

mP (m'Fj) 


1 


28 392 3 


12 617.6 

a; n* 




4; 5.938 

4.9/4 

6.898 

m 

1 7 

1 8 

1 9 

1 10 

1 n 

1 12 

m5 (m*iSo) 

7 218.6 

5 670.3 

4 571.6 

a 763.3 

1 3 153.5 


n* 

7.798 

9. 799 

9.779 




mP (m*Pi) 

8 001.6 

6 921.3 

6 662.9 




n* 

7.088 

7.954 

9.995 

9. 777 


1 

mZ) (mJZ>i) 

12 673.6 

9 253.4 

7 080.2 


4 617 2 

3 727.7 

n* 

5.909 

6.887 


9.955 

9.866 


mF (m‘Pi) 

9 268.8 

7 078,5 


4 516 2 

3 727.8 

3 128.8 

n* 

8.886 

7.876 


•,> 0.869 




m 

1 13 

14 

15 i 

1 16 

1 17 

18 

m5' (m‘iS*) 
mP (m‘Pi) ' 

mF (m*P») 

2 306.7 

2 808.5 

2 661.2 

2 003.8 
2 425.6 
2 291.8 

2 112.4 
1 094.2 

1 862.8 

1 760 7 

1 549.3' 

1 380, 7t 

t 19'Pi - 1 238.2; 20'P» - 1 

116.3. 

Triplet system 




m 

2 

3 } 

4 

5 

6 

7 


mt (m*i0O 

60 689.2 

31 770.6 

19 648.0 

13 363.7 

9 680.6 

7 336.1 


4; 8.698 

5.716 

4.795 

6.732 

5. 754 

7.756 

mpt (m»P*) 

114 468.4 

46 436.1 

26 169.9 

16 851.4 



. a; n* 

f; 1.968 

5.076 

4.595 

6.104 



mpi.(m*Pi) 

114 406.6 

46 422.0 

26 154.2 

16 848.3 



0; n* 

• ; 1.069 

5.076 

4.595 

6.106 



mpi (m*Pi) 

114 281.1 

46 392.7 

20 141.4 

10 841.6 

11 767.4 

8 680.8 

a; n* 

t; 1.960 

5.076 

4.599 

6.106 

6.107 

7.111 

mdi (m*Di)t 


56 311.6 

30 379.2 




a; *• 


S; 8.798 

5.95/ 




mdi 


56 312.5 

30 379.5 



1 

a; fi* 


t; 8.798 

3.801 




mdi (m*^i)t 

1 

66 318.6 

30 380.1 

19 040.7 

13 048.5 

9 407.6 

a; n* ' 


t; 8.798 

3.801 

4.959 

6.800 

6.798 


m 


I 


T 


I « \ 


m/i im*Ft) 



28 444. S] 

C 18 425.^ 

1 13 341.: 

rilO 778.0 

a; n* 



4 ; 5.988 

4.99J 

! 5.75: 

r 9.89J 

m/» (m»Pi) 



28 442. 4] 

: 18 4X.C 

US 824. ( 

no 753.0 

a ; n* 



4 ; 5.988 

4. 991 

5.74t 

1 8. 580 

m/i (m'Pt) 



28 430.61 

18 413.1 

18 301. a 

10 710.9 

a; n* 



4 ; 5.988 

4.99J 

5.744 

6.500 

m/(7)| 



28 392.34 




a; n* 



4 ; 5.958 




me (mH3) 





12 271.7 

9 Oll.f 

n ; n* 1 





61 5.081 

1 9.979 

m 

8 

9 

10 

1 U 

1 13 

13 

nw (»n*5i) 

5 751.6 

4 631.4 


3 188.4 



n* 


9.754 





mdi (m*Di)t 

7 221.5 

5 675.4 

4 577.6 

1 

3 770.4 



n* 

7.796 

9.794 

9.708 



1 

m/i (m*Pi) 

8 597.7 

6 733.9 

6 363.7 

4 360.6 

3 611.7 


n* 

7./45 

9.574 

9.547 

10.054 



m/i (m*P«) 

8 590.6 

6 731.5 

5 362.6 

4 360.3 

3 611.3 


n* 

7.148 

8.076 

9.549 

10.054 



m/i (m*Pt) 

8 579.8 

6 728.3 

5 361.2 

4 359.6 

EHEE 


n* 

7.165 

8.077 

9.549- 

15.054 



mg (m*0) 

6 895.7 

5 445.9 

4 409.4 

3 642.8 

asm 


n* 1 

7.978 

9.979 

9.977 


1 


m 

\ 

14 1 

15 

1 10 

1 

18 ' 

m/i (m'Pt) 

1 : 

! 690.9 

2 234.9 

1 1 047.3 1 

516.0 


i d~teTmB are ioyerse. 

t 4/‘teTai» are double; unxiaual ia triplet eyetema. A4/i ■■ 0.264, A4/i * 0.400. 
A4/i - 0.100. 64/ - 0.489. 

{ PoaitioD of thia term ia not clear. Paacben denoted it by F. 

AI III (>7>» 231). Spectrum analogous to that of Na /; d-terms 
are inverse. 


m 


1 


I 


6 


m$ (m*5i) 
o; n* 

mpt (»n*Pi) 

n ; a* 

mpi (m»Pt) 

o ; n* 

mdi (m*Z>j) 

a ; r»* 

mdi (m*Z>i) 
a ; n* 
m/t (m>P«) 
a ; n* 
m/i (m^Ft) 
a ; n* 
mo (mHJ) 
a ; n* 
mA (m*H) 
a j n* 


229 464.0 

S; e.07t 



1 



1 wi»Utm£wtt 

















37 952.0 
6.105 
61 023.5 
4.S9B 
50 984.4 
4.405 
63 667.5 
5.958 
63 668. 

5.958 
61 841.9 
4; 5.996 
61 841.6 
4; S.996\ 


33 


797.6 

6 . toe 


8 


40 678.5|28 
4.955 
39 678.7 
4.996 

39 678.5 27 
4.996 

626.2I27 

4 • 995| 

27 

4 

1 8 


mdi 


n 


mfi (m»P4) 


20 673.6 

15 712.6 

6.989 

7.988 

20 193.0 

16 461.9 

6.994 

7.995 



20 171. M16 443.3 


5.997] 
20 166.61 
6.998 


7.997 
16 438.2 

7.998 


12 198.8 
8.998 


As 2 = 33. Nam ° 109 736.3 (*«•). 

Au Z =■ 79. Na^ - 109 736.8. 

Au/ (173, 174. 309). Hicks (118) gives a differe nt arrangement. 

~ t I « ~ 
2 66^ 
5.479 



m4 (m*Si) 

74 407.6 

19 922.7 

9 665. 1 

a ; »• 

6; 1.816 

8.347 

5.569 

mpi (m*Pt> - 


37 048.8 


a; fi* 


• ; 1.781 


mpi (m*Pf) 


33 233.4 


a ; n* 


• ; 1.818 


mdi (m*Di) 



12 455.5 

n ; n* 



4 -, 8.969 

mdi (m*Z^a) 



12 373.7 

a; »• 



0: 5.979 


6 728.2 
4.577 


6 938. M 
5.977] 
6 895.6 
5.989 



4 437.9 
4.9751 
4 398.3 

4.995 


8 063.lt 
6.996 

'3 015.lt 

6.055 


t For m - 7. mdi - 2 240.6, - 5.999 aad mdj - 2 206.1, a* - 7.065. 
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B Z - 6. iSTB - 100 781.6. 

B / (»t, »T9); (/, (*s, 44). Terms (*▼»). 


HI 1 

1 2 

3 

I » 

1 3 

r-r- 

1 6 

MW (M*d0 

a; »• 

mpt (■••Fi) 

as a* 

Mpi (msPi) 
BS»* 

27 043 
Is f. 014 
67 082 
t; 1.270 
67 067 
2; 1.070 

12 076 

s.ou 

md (m*Z» 

as 

12 816 
8; 0.O8S 

7 084 
3.030 

4 604 

4.808 


B 77 (rf). Terms (*«). 


Singlet system 


m \ 

1 1 

2 1 

m 1 

2 1 

m 1 

3 

m8 

as a* 

104 826.9 
i; 1.604 

66 666.1 
0.600 

mP (in'Pi) 

a; n* 

120 629.4 
2; 1.004 

mZ> (m^Dt) 

a; fi* 

48 410.3 
8; S.OU 


Triplet system 


m 1 

[ 

2 

3 

1 m 

t 3 

1 4 

1 6 

Mf («^3l) 


72 030.8 

36 666.6 

md (m>/)) 

62 064.2 

28 640.4 


ass* 


8; 3.443 

3.441 

as n* 

3; 0.904 

3.014 


aip« (in*P*) 




mf (m»F) 



17 705.7 

mpf (ai'Pt) 

166 862.7 

59 010.0 

a; n* 



4; 4.047 

as n* 


8; 1.430 

i 3.737 

1 




mpi (mVi) 

166 843.9 

rvMijTiWii 





a; n* 

1 

1:1.430' 

0.707 





B 777 (»») 

. 8 - 

± 5. Spectrum analogous to that of Li 7. 

HI 


1 1 

1 2 

! m 

1 3 

i 4 

1 6 

mt (m*3i) 


306 9381 

126 736 

md (m*Z)) 

109 870 



as n* 


Is 1.707 

3.404 

a; n* 

3; 0.998 

1 


mpt (m*Pi) 


1 

267 679 

mf (m*F) 


61 742 


as fi* 



2; 1.968 

a; n* 


4; 3.000 


mpi (m>Pi) 




mg (m*0) 



39 516 

a; n* 



\ 2: 1.044 

a; n* 



6: 4.000 


Ba Z - 66 . ATb. - 100 736.7. 

Ba 7 (*••» *•«» *®7), Terms: normal anomalous 

Singlet system 


T 


I 


1 


T 


I 


6 


mS (m>&) 
n; yi« 
mP (mtPi) 

as n* 

mD (m>2>a) 
as n* 
mF (m^Fa) 

«• 


42 029.4 

16 399.6 





6; 1.414 

0.687 






23 960.2 

0 482.2 

6 039.6 

3 529.0 

2 721 


6s 3.130 

3.403 

4.447 

6.676 

4.340 



30 634.1 

13 800.4 

7 031.6 

4 088.3 



•S 1.89S 

0.800 

3.730 

4.400 



1 

13 475.2 

6 136.7 

4 264.4 




4: 3.444 

4.334 

4.070 



Triplet system^ normal terms 


m« (m*30 
a; 

••Pi (m«Fa) 

a; n* 

mpi (s»*Pi) 

a; 

mpi (m*Fa) 

a; fi* 

md» (m*I>i) 

n;n* 

mdt (m<i>a) 
a; 

mdi (tii*2>a) 

as fi* 

•^a (maFa) 
as fi* 

mft (mVi) 

as n* 

mfi (maFO 
as n* 


14 860.81 

8 124.3 

4 034.0 

3 366.6 

2 404.6 


Ts 3.330 

3.474 

4.714 

6.710 

4.744 


20 763.3 

11 286.4 

6 186.0 




6; 1.034 

8.118 

4.011 





11 214.2 

6 137.3 




6s 1.034 

8.108 

'4.008 

1 



28 614.8 

11 042.3 

6 057.2 




6; 1.041 

S.160 

4.344 





32 006.6 

11 333.9 

6 320,1 

4 067.1^ 

2 888.7 


•S 1.434 

3.111 

4.147 

6.194 

0.100 


32 814.1 

11 270.0 

6 267.8 

4 066. 4; 

2 871.4 


•S 1.430 

8.119 

4.184 

6.0O0\ 

0.181 


32 433.0 

11 211.6 

6 244.2 


2 843.8 

1 

• ; 1.840 

3.134 

4.103 

6.010 

0.010 



7 426.8 

4 634.6 

3 213.8 

2 361.2 

* 


4; 3.846 

4.800 

4.444 

0.830 



7 412.8 



2 348.7 



4; 3.447 

4.070 

4.347 

0.836 



7 308.6 

mm.-jifW.] 


2 846.3 



4: 4.441 

4.0341 

4.4431 

4.450 



Ba 7. Triplet system, normal terms. — (C&rUinued) 


HI 

1 8 

1 0 

1 10 

r"n— 

12 

13 

md« (m*Di) 

2 137.1 






n* 

7.100 






mdi (m*Z>t) 

2 134.8 

1 

1 649.1 


1 



n* 

7.170 

8.167 





mdi (m'Dt) 

2 124.2 

1 646.8 



1 


n* 

7.171 

8.164 





(wVl) 

1 790.6 

1 416.4 

1 134.2 

932.2 



n* 

7.809 

8.806 

9.830 




Vi (m«Fi) 

1 788.0 

1 407.8 

1 132. B 

932.9 

782.6 

665.2 

n* 

7.434 

8.809 

0.443 




mfx (m«P4) 

1 786.2 

1 401.6 

1 132.2 

933.0 

781.9 

664. 7t 

n* 

7.440 

8.849 

0.444 





t 14/i - 672.4, 16/i - 490. 


Triplet system, anomalous terms 


m { 

1 2 

3 

tnp\ (m'Pi) 

18 820.3 

7 636.6 

mp\ (m»Pl) 

18 549.3 

7 205.9 

mpi (m»P',) 

18 110.5 

6 412.8 


Ba 77 (i®*> Term values calculated from data (^®) and 

^-limit (®^); corrected to int. scale. Spectrum analogous to that 
of Cs 7. 


m 

1 1 

1 2 

3 

4 

1 6 

1 6 

mt (m*«Si) 

80 666.4 


22 630.3 

14 973 

10 704 


a; n* 

6; 0.333 


4.404 

6. 416 

4.404 


mpi (m*Pi) 


60 393.9 





n; n* 


6: 3.404 





mpi (m»Pi) 


68 703.0 

1 




n; n* 


6; 3.734 





mdt (m>i>0 



76 781. 7t 

34 706.0 

20 866.3 

13 981t 

as n* 



is 3.407 

3.667 

4.688 

6.6Q8 

mdi (m*i>«) 



74 080. et 

34 600.7 

20 760.8 

13 928t 

a; n* 



i; 3.410 

3.667 

4.698 

3.415 

m/i (miFt)t 




32 396.3 

1 

21 714 

16 184 

0; n* 




4; 3.681 

4 . 4 O 6 

3.309 

mfi (m’FOt 


1 

1 


32 171.8 

21 482 

16 960 

n; n* 




4; 5.434 

4.601 

3.344 


t Suggeeted changes (ss^» have been made in the yaluea of the 3d- and 


the /-terms. 

t For m - 7, mda - 10 099, n* - 0.69S; mdi - 10 064, n* - 0.007. 

Be Z == 4. = 109 730.5. 

Be 7 (*'); cf. (*6^1 *3®). Only the triplet system is known. 


Symbol 

1 (2<Si) 1 

1 (2'Po) 1 

1 C2«Pi) 

1 (2«P,) 

1 (31S1) I 

1 (3»/» 

Term 
n; n* 

23 110.2 

t ; 2:170 

53 212.9 
3; 1.434 

63 212.2 
3; 1.444 

63 209.8 
3; 1.444 

10 686.0 
4.304 



m 

1 4 

1 6 

1 6 

1 7 

1 8 

m« (m*5i) 

6 186.0 

4 033.0 




n* 

4.313 

6.016 




md (miZ>) 

7 240.2 

4 689.7 

3 165.7 

2 316.5 

1 760.1 

n* 

3.890 

4.889 

6.888 

4.444 

7.494 

Be // (61); e/. (** = 

^). Spectrum is analogous to that of Li 7. 

m 1 

1 1 1 

1 2 1 

1 3 

4 

1 6 

me (m*5i) 

146 880.5 

68 640.3 

31 424.8 

10 646.3 


n: n* 

3: 1.709 

0.736 

3.734 

4.739 


mpt {m*Pi) 


114 961.7 




a; fi* 


3; 1.064 




mpi (miPi) 


114 046.1 

60 384.7 

28 120.2 


a; n* 


3; 1.934 

0.961 

3.961 

4.930 

md (m>i» 



48 827.4 

27 460.4 

17 674. a 

a; f»* 



3s 0.998 

3.994 

4.997 

mf (m>F) 




27 436.0 

17 668.0 

a; n* 




4:4.000 

6 . 00 c 


Bi Z - 83. ATbi - 109 736.8. 

Bi I (*®®i ***» 3**); fd’ System is tentative; inner 


quantum numbers not assigned. 


m 

1 

1 2 

1 3 

I 4 

I 6 

1 6 

HI# 


26 167 

11 373 

6 401 

4 194 


ni 


T: 3.044 

3.100 

4.110 

5.110 

1 4.119 

2pT 

2p« 


2pt 

2p« 

2pt 

2pi 

n* 

n* 


n* 

n* 

n* 

n* 

68 745 

47 327 

! 43 308 

37 086 

37 084 

26 680 

17 618 

1.366 

1.603 

1.411 

1.700 

1 1.700 

0.071 

! e.4fie 
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INTERNATIONAL CRITICAL TABLES 


Bi I. — {Continued) 


m 1 


2 1 

3 

4 1 

6 1 

1 6 

mdi 

1 


14 833 

7 727 

4 868 


n* 


1 

1 

e.reo 

3.769 

4-743 


mdt 



13 928 







9.807 




fndt 



13 880 

7 688 

4 770 





9.819 

3.805 

4.797 


fnd\ 

1 



12 830 

1 



n* 



9.99t 

1 

1 

1 




C Z = 6. Nc = 109 731.7. 

C I (22. 249). 

C II (^®); cf, ( 22 . 87) Limits are not accurately known, and 
are calculated for 4Nh instead of 4^c. 


m 1 

2 1 

i 3 1 

1 4 ' 

1 5 

1 6 


xt (?) 

100 166 






n* 

9.093 

a 





nw (m*Si) 

80 121 

39 425 

23 311 

(15 387) 1 

(10 912) 


n; n* 

8; 9.340 

3.330 

4.358 

6.340 

e .341 


mpi (m*Pi) 

196 670 

64 934 

34 140 




n ; n* 

2; 1.434 

9.699 

3.686 




mpi (m»Pi) 

196 612 

64 923 

34 134 




n ; n* 

2 ■. 1.494 

9.000 

3.686 




mdi (m*Dj) 


51 108.9 

28 535.1 




o ; n* 


8; 9.930 

3.991 



1 

mdi (m*Z)j) 

1 

51 107.6 

28 534.7 

18 164 

(12 558) 

(9 103) 

o ; n* 

1 

1 

8 ; 9.930 

3.991 

1 

4.916 

6.911 

6.908 

m/ (m*F) 

1 

1 

27 680 ! 

17 703 

12 283 

(9 017) 

n ; n* 


1 

4; 5.981 

4.078 

6.976 

6.974 


t This term combiccs with pi and pi. 


C III (28). 


Singlet system 


l3(P3o)[ .375 463.1 |a » *; n* - I OSi\2P(2iPi)\273 lit ()|n - 2; n* - 1 .909 


Triplet system 


«i 1 

2 1 

3 1 

m 1 

2 1 

1 3 1 

4 

ina {m*Si) 
a; n* 

tnpi (m*P9) 
n; n* 

mpi (m*Pi) 
n; T»* 

146 197 2 
8; 9.698 

1 

124 704.1 
2; 9.816 
124 608.6 
8; 9.816 

mpi (m*Pi) 
n; n* 
md (m*D) 
n; n* 
m/ (m*P) 
n ; n* 

331 939 2 
*; / . 796 

124 685 6 1 
9.816 

114 387.2 
8; 9.930 

1 

1 

1 

1 

62 600.0 
•4; 3.979 


C IV ( 212 ). 5 — ±100. Spectrum analogous to that of Li I. 


"» ) 1 1 2 I -m I 2 I 3 


m$ (m*Si) 

520 034 

217 302 

mpi (m*Pi) 

455 445 


n ; n* 

1 ; 1.858 

9.843 

n ; n* 

t; 1 . 965 


mpi (m*Pi) 


455 553 

md (m*D) 


195 333 

n ; n* 


%;’1.963 

n ; n* 


9i 9. 998 


Ca Z = 20. Nc* = 109 735.6. 

Ca/ (' 28 , 15 4, 22 2 , 257, 265, 267) Terms C^®) based on (2 20 ). 
Anomalous terms (^*» 237, 257). 


Singlet system 


m 

1 

2 1 

3 

4 1 

5 1 

6 

mS 

49 304.8 

15 088.2 

7 518.4 

6 028.0 

3 417.31 

2 460.4 

n; n* 

4 ; 1.499 

9.690 

3.890 

4.679 


6 606 

inP (m>Pi) 


25 652.4 

12 673.1 

7 625.9 

5 371.4 

3 879.6 

n; n* 


4; 9.068 

9.964 

5.794 

4.690 

6.318 

mD 



27 465.3 

12 006.3 

6 385.6 

4 314 7 

n; n* 



8; 9.000 

3.095 

4.146 

6.044 

mF (m'Fi) 

1 



5 961.3 

4 500.0 

8 122.6 

n ; n* 




4; 5.9/0 

4 95S 

6.998 

m 

1 7 

8 1 

9 

10 1 

11 

12 

m8 (m>S*) 

1 867.7 

1 461.5 

1 176 0 




n* 

7.666 

8.666] 

9.660 

1 



mP (m>Pi) 

2 824.6 

2 120 3 

1 638.2 

1 305.9 

1 071.6 

888.6 

n* 

6.954 

7.194 

8.186 

9.167 

10.190 


mD 

2 994.7 



1 



>»• 

6.063 






mP (miPt) 

2 289.7 

1 740.8 

1 379.8 

1 116.3 

919.8 


n* 

6.995 

7.919 

8 918 

9 910 




Ca /. — (Continued) 
Triplet system, normal terms 


m 

1 2 

1 3 

4 

1 6 

1 6 

m» (m*Si) 

17 766.1 

8 830.3 

5 323.8 

3 565.6 

2 556.2 

n; n* 

6; 9.486 

5.696 

4.340 

3.648 

6.669 

mp> (m*Pe) 

34 146.9 

12 752.5 

6 789.6 



a; n* 

4; 1.793 

9.934 

4-090 



mpj (m»Pj) 

34 094.6 

12 750.3 

6 786.6 



n; n* 

4; 1.794 

9.954 

4.099 



mpi (m»Pi) 

33 988.7 

12 730.3 

6 777.8 

4 342.7 


0 ; n* 

4; / .797 

9.936 

4-093 

3.097 


mdi (m*Di) 


28 969.1 

11 556.4 

6 561.4 

4 256.6 

n; n* 


211.946 

3.089 

4.090 

6.078 

mdt (m*Dt) 

1 

28 956.2 

11 552.6 

6 559.7 

4 264.0 

0 ; n* 


1.947 

3.083 

4.090 

6.079 

mdi (m*/)|) 


28 933.5 

11 547.0 

6 556.9 

4 262.2 

n ; n* 


8; 1.947 

3.085 

4 091 

6.080 

m/ (m*P) 



7 133. 9t 

4 641.5 

3 139.6 

n ; n* 



4; 3.999 

4.916 

6.919 

m 

7 1 8 

1 9 

1 10 

1 11 

1 12 


m$ (m^Sx) 

1 922.4 

1 498.6 

1 201.1 

984.1 

810.8 



7.666 

8.667 

9.669 




mdt (m*Di) 

3 002.4 

2 268.2 

1 848.9 

1 551.2 

1 272.7 


n* 

6.046 

6.968 

7 . 7 O 4 

8.411 

9.986 


mdt (m^Dt) 

3 000.6 

2 264.5 

1 838.7 

1 647.0 

1 270.7 


n* 

6. 047 

6.961 

7.796 

8.498 

9.993 


mdi (m^D$) 

2 998.2 

2 259.3 

1 828.8 

1 530. 1 

1 268.2 

1 046.4 

n* 

6.065 

6.969 

7.747 

8.444 

9.309 

10.946 

mf (m^F) 

2 298. 1 


1 382.3 

1 117.7 

021.3 

772.8 

n* 

6.911 


8.910 

9.908 



m 

13 

14 1 

15 

16 

17 


mdj (m*Di) 

869.6 

733.8 

627.9 

541.0 

473.5 

m/ (m*P) 

660 






Triplet system, anomalous terms 


m 

2 

3 

1 4 

5 

6 

mp't (m*Po) 1 

10 887.1 

780.0 

-4 977 5 

-8 306.4 


mp\ (m»P|) 

10 839.9 

767.1 

-4 083.6 

-8 313.1 

-10 063 

mp\ (m»P») j 

10 753.0 

741.1 

-4 999.8 

-8 333.6 

-10 080 


t 4/-term is a triplet. 


Ca II (24, 75,^165, 244). Term values calculated from data 
(26) and 4/-limit (6®); corrected to int. scale. Spectrum analogous 
to that of K 7. 


m 

1 1 

2 

3 

4 

1 6 

0 

rt\$ (m*5i) 

95 723.7 

43 556.7 


16 204 

11 447 


n ; n* 

4; 9.141 

3.176 

4. 186 

6.190 

6.199 


mpi (m*Pi) 


70 532.1 





n ; n* 


4; 9.496 





mpi (m*Pi) 


70 309.3 





0 ; ri* 


4; 9.499 

1 


1 


mdi (m*Z)i) 

1 



38 884.6 



n ; «• 



8: 9.313 

3.360 

4.368 


mdi (m*D*) 




38 866.3 

22 992.6 

16 816t 

n : n* 



8; 9.314 

3.360 

' 4.369 

6 . S7i 





27 C70 


12 295t 

n ; n* 




4; 3.983 

4.980\ 

6.976 


t For m - 7. mdi - 10 799, n* - 6.376 and «/ - 9 044, n* - 9.967 


Cb Z * 41. Ncb - 109 736.5 (*«7). 

Cd Z = 48. Ncd -= 109 736.6. 

Cd I (2®» »®» '28, 131, 222, 222, 225, 227, 289, 264, 326). Terms 
(76, 274). Not much difference between value of 2 /*-limit 8 used 
hece and those of Fuea (2®) when corrected to int. scale. 


Singlet system 


m ! 

1 1 

2 

3 

4 

1 

mS (m*8») 

72 638.8 

19 220.3 

9 462.1 

1 6 634.1 

3 730 

a; n* 

8; 1.930 

9.388 

3.407 

4-413 

6.1, 

mP (m*Pi) 


28 846.6 

12 M3 

7 038 

4 480 

a; !»• 


8 ; 1 .949 

9.947 

3.948 

49 

mD (m'i>i) 



13 310.2 

7 404.0 

4 701 

a ; n* 



§; 9 870 

3.850 


m 

7 

m 

1 

7 1 

8 
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Cd /. — {CorUintted) 
Triplet system 


m 1 

2 

3 

4 

5 

6 1 

7 

m# (m*Si) 

21 064.7 

9 975.6 

6 867.3 

3 856.6 

2 732.9 

2 037.6 

n; n* 

6; s.sSe 

3.3/7 

4.333 

6.33S 

6,337 

7.333 

mpi (m*Po) 

i 42 424.6 

14 147.0 

7 642.9 

4 709.2 

3 224.3 


n; n* 


f .736 

S.814 

4.337 

6.834 


mpi (m>Pi) 

41 882.6 

14 077.2 

7 517.6 

4 606.7 

3 217.4 


n; n* 

8; 1.618 

S.79S 

S.8S1 

4.354 

6.840 


mpi (m*Pj) 

40 711.6 

13 903.1 

7 446.0 

4 663.6 

3 108.6 

2 331.5 

n; n* 

8; 1.64S 

S.810\ 

S.8S9 

4.860 

6.867 

6.861 

md, (m*Di) 

1 

13 052.4 

7 185.3 

4 649.0 

3 139;2 


n; n* 


6; S.899 

S.908 

4.911 

6.913 


md, 


13 040.7 

7 179.6 

4 546.3 

3 138.6 


n; n* 


1 

8; S.90I 

3.909 

4.913 

6.913 


mdi (m*2>,) 


13 022.5 

7 171.3 

4 541.3 

3 134.3 

2 294.5 

a; n* ! 


8; S.90S 

3.91S 

4.916 

6.917 

6.916 

mf (m*P) 



6 957.1 

(4 446.1) 



a; n* 

1 


4; 3.971 

4.969 




m 

8 

9 

10 

11 

12 

13 

m# (m»Si) 

n* 

mdi (m>i)|) 

n* 

1 576.8 

3.343 
1 761.3 
7. P/3 

1 267.0 
P.344 
1 379.3 
8.919 

1 

1 114.3 
9.9S4 

920.3 

1 

771.6 

658.lt 


t Udi - 666.7, 


Cd II (*•'). Spectrum analogous to that of Ag I. 


m 

1 

2 

3 

4 

5 

6 

mi (m*8i) 

136 376.6 

53 386 . 4 


18 335.5 

12 624.3 

9 223.2 

n; n* 

1; 1.791 

S.868 


4.893 

5.3P3 

6.899 

mp, (m*Pt) 


92 241.3 

41 665.8 

24 001.7 

15 722.4 


n; n* 


8;3./3/ 

3.846 

4.876 

6.886 


mpi (m>P,) 


89 758 . 1 

40 902.5 

23 886. 3 

15 668.0 


a; n* 


$;S.S10 

3. 878 

4.337 

6.893 


mdi (m*l>,) 



46 685.3 

26 202.1 

16 854.0 

11 762.4 

n; n* 



8; 3.066 

4.PP3 

6.104 

6.108 

mdi (m>J[>,) 



46 631.0 

26 128.6 

16 814.2 

11 738.9 

n; n* 



8;3.P7/ 

4.PPP 

6.109 

6.114 

m/i (m*P,)t 




27 956.1 


12 386.8 

d; n* 




4; 3.P33 


6.963 

mfi (m*P,)t 




27 942.3 

17 828.7 

12 403.0 

n; n* 




4; 5.P33 

4.968 

6.949 

mg (mV?) 






12 223.2 

a; n* 






8 ; 3 . PP3 



(m»5i) 

n* 

mdt (m*Dt) 

n* 

mdt (m»Z>«) 

n* 

mft (m*Fi) 

n* 

mft im^Fi) 

n* 

mg (mK3) 


t Borne /'pein ere inrtnt 


7 033.8 
7.900 

8 678.8 
7. ns 

8 663.0 
7. ns 

0 062.6 

e.94s 

9 126.6 
e.9$s 

8 077.9 
e.99S 


6 640.6 
8.901 
6 667.6 
8.114 
6 667.7 
8. ISO 


6 872.1 
7.99S 


6 276.8 
9.1S1 


Cl Z - 17. Na - 109 736.4. 

Cl II (»4, 122, 124); Cl /// (24, 222) 
a VI (*7). 

a VII (*«). 

Co Z - 27. iVco - 109 736.1. 

Co I (8«i »7, 200 , 216 ), 


;C1/V (24); Cl V (84, 213); 


Cr Z - 24. No, 109 736.0. 

Cr / (47, fo, 21, 82, 06, 08, 120, 141, 146), Terms (*7) h* 

^en correeted to int. scale; an additional quintet p-term is gi^ 

(7 664.7, 7 676.7, 7 621.1) which is not included here. H< 

( ) and (") do not indicate that the tenn is anomalous. 2P ter 
are inverse. 



Cr I . — (Continxied) 


Quintet Frystem 



m 

1 

2 


3 

1 

4 

5 


6 

mS 

(m‘52) 

46 

950 0 

16 

660.0 

8 

675.1 

5 221.4 

i 


a; 

n* 

4; 

1.629 


2.606 


3.677 

4.686 



mP« 

(m»Pi) 

27 

741.5 

15 

632.3 

10 

066.0 

7 477.0 



mP, 

(m*P,) 

27 

747.2 








mPj 

(m‘P,) 

27 

755.9 








mP' 

, 

Cm‘/>;) 

25 

122. 1 

13 

612.8 

0 

188.5 




mP; 

(m*P;) 

24 

9.58 . 4 

13 

560. 1 

9 

180.7 




mp; 

(msp') 

24 

718.5 

13 

499.5 

9 

165.1 





(m»P") 

20 

408. 1 

10 

417.0 






mP[' 

(m»P") 

20 

352.5 

10 

356.3 






mP'; 

Cm‘p;') 

20 

291.5 

10 

283.4 






mD% 

(m»/)o) 



46 

792.4 



1 



mDi 

(m*£)i) 



46 

732 . 4 

8 

972.6 : 




mDi 

(m‘Z)i) 



46 

015.9 

8 

954.3 




mDi 

(m‘£>,) 



40 

148.2 

8 

922.7 




mDi 




46 

235.5 

8 

877 5 




mP» 

<m»P,) 





23 

755 8 

13 630.7 

9 

440.5 

mPi 

(m»P,) 





23 

684.4 

13 571.7 

9 

372.8 

mP, 

(m»P,) 





23 

577.8 

13 457.0 

9 

287.6 

mPi 

(m»Pi) 

1 




23 

436.7 

13 318.2 

9 

156.4 

mPi 

(m»PsJ 





23 

262 7 

13 149 4 

8 

998.4 


Septet system 


m 

1 1 

1 2 

3 

m 

3 

4 

ms (m’Sj) 

54 542.8 

17 647.5 

8 899.5 

mdi (m*Z>i) 

12 289.5 

6 843 7 

a ; n* 

4; 1.419 

2.494 

3.611 

a; n* 

4; 2.988 

4.004 

mpi (m»P,) 


31 238.4 


mdi 

12 288.3 

6 842.4 

a; n* 


4; 1.874 


a; n* 

4; r.PP6| 4 004 

mpi (m»P,) 


31 157.0 


mdi (m^Di) 

12 286.7 


a ; n* 


4; 1.877 


a ; n* 

4; 2.989 

4.005 

mpi (m»Pi) 


31 044.5 


mdt (m^Di) 

12 281.5 

6 837.7 

a; n* 


4; 1.880 


a; n* 

A; 2. 989 

4. 006 

mpi (m’P^ 


26 814.5 


mdi (m’^i) 

12 281.7 

6 833.2 

a; n* 


4; 8.023 


a ; n* 

4 ; f . 989 

4.007 

mpi (m’P^ 


26 723.9 





n; n* 


4; 2.026 

j 




mpi (m»P') 


26 608.1 

1 



1 

a ; n* 


4; 8.031 






Cr II (18«, »»4); Cr III (»«); Cr IV (»4); Cr V (»*). 
Cs Z = 66. Nc* = 109 736.7. 


Cs / (15, 127, 163, 221 , 224, 238, 239, 258, 263) s~, p-, d-terms 


(76),/.^ A-termS (802» 203). 


m 

1 

1 2 

3 

4 

5 

1 6 

mt (m*5t) 

31 404.6 

12 868.9 

7 087.8 

4 404.6 

3 105. i 

i 2 274.0 

a ; n* 

4; 1.869 

8.980 

3.934 

4.941 

6.94A 

; 6. 947 

mp, (m*Pi) 


20 226.3 

9 639.2 

6 605.3 

1 3 768.4 

\ 2 678.2 

a; n* 


4; 8.398 

3.374 

4. SBC 

6.396 

f 6.401 

mpi (m*P,) 


19 672.3 

0 458.1 

5 614.7 

3 723.3 

\ 2 651.4 

a; n* 


8 \ 8.368 

3.406 

4-481 

6.480 

' 6.483 

md, (m*Z),) 



16 905.0 

8 815.6 

6 356.5 

3 602.7 

t 

a 



4; 8.648 

3.688 

4.686 

6.687 

mdi (m*Di) 



16 807.1 

8 772.8 

5 335.6 

3 681.1 

a; n* 



4; 8.666 

3.637 

4.636 

6.635 

mft (m*P,)t 


1 

1 

1 

j 

6 034.2 

4 435.1 

3 076.0 

a* n* 


1 


4; 3.077. 

4.976 

6.978 

mfi (m’Pilt 




6 034.4 

4 435.3 

WEm 

a; n* 




4; 3.977 

4.976 

6 . 978 

mg CmV7)t 

1 




4 305.6 


a; n* 





4; 4-997 

6.990 

mh (m*ff)f 







a ; n* 



1 



4 ; 5 . 999 

m 

7 1 

8 

9 1 

10 

11 

12 

wii (m*8i) 

1 738 






n* 

7.946 






mp, (m*Pi) 

2 002.2 


1 238.6 

1 010.1 



fi* 

i 7.403 


O.4I8 

10.483 



mpi (m«P,) 

1 085.1 

1 530.6 

1 230.6 

1 004.8 

836.5 


n* 

7.486 

8.448 

9.448 

10.461 



md, (m*i>,) 

2 676.7 

1 936.1 

1 508.3 


996.4 

828.5 


6.687 

7.689 

8.680 

9.889 



mdi (m»2),) 

2 567.6 

1 931.7 

1 505.0 

1 207.5 

988.7 

823.1 

n* 

6.637 

7.637 

8.639 

, P.555 
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Cs /. — (Continued) 


m 

1 7 


8 

1 9 

1 10 

1 11 

1 12 

m/i 

2 258.5 

1 

• 

727.7 

1 364.1 

1 104.3 

912.1 


n* 

6.970 


7.969 

8.969 

9.969 



m/i (m^rot 

1 

2 258.5 

1 

727.8 

1 364.2 

1 104.3 

912.1 

765.8 


6.070\ 


7.960\ 

8.969 

9.969 



m 

13 


14 

1 15 

16 

17 

18 

mpi (m»Pi) 

605 4 

525 . 1 

450.3 

405.8 

359.9 

! 322.3 

m 

19 

20 

21 I 22 23 

24 

26 



mpi (m»Pt) I 157.1 | 145.4 | 135.9 { 125.4 | 117.7 | 109.6 I 103.2 
t Not (]uit6 coDsistent with torniB t, p, d; /-tcrmB are iDVcme. 

Cs II («). 

Cu Z = 29. No. =« 109 736.2. 


Cu 7 (®i 1*9, 133, 339, 28 S, 284, 285, 291, 293 , 301 ). 


m 

1 

2 

1 3 

1 4 

1 5 

f 6 

ms (m>iSi) 

62 308.0 

19 171.1 

9 459.5 

6 630.7 

3 739.2 

2 650.2 

n; n* 

4; J.S87 

8.S9t 

3. 406 

4 4t2 

6.417 

6.424 

mp, (m*/»i) 


31 772.8 

12 957. 7t 




n; n* 

1 

4 ; / . 859 

e.909 




mpi (m>Pi) 


31 624.4 

12 925. Ot 




n; n* 


4; 1.865 

e.9is 




md, (m>i>,) 


49 062.6} 

12 372.8 

6 020.8 

4 415.2 

is 061 

n ; n* 


(3) 1 . 496 

4: 8.978 

9.982 

4.986 

6.988 

mdi (m*D,) 


51 105.2} 

12 365.0 

6 917.1 

4 413.4 

3 059. 7J 

n ; n* 


(8) 1.466 

4; 2.979 

5.585 

4.987 

6.989 

m/ (m>P) 




6 879.2 

4 401.8 


n; n* 

1 



3. 99 4 

4.993 



t 2di and 2d, are iriTerse. 

5 For m - 7. md, - 2 267.2, n* - e.97i: for m - 8. md, - 1 721.8, 


n* - 


7.98i. 


31 8 


Cu II (28«). 

F Z = 9. Nf =* 109 734.0. 

F I (22, 35, 37, 42, 67, 68, 69). 

F 77, F 777 and F 7F ( 22 ). 

Fe Z = 26. Nf. “ 109 736.0. 

Fe 7 (50, 54, 55, 98, 99, 113, 114, 1 57, 160 , 188 , 254, 297 , 304 , 


317). 


Fe 77 (104). 

Ga Z = 31. No. = 109 736.3. 
Ga 7 (239). Limits (3i4). 

2 i 3 



ms (m*iSi) 

23 503.6 

10 797.5 

6 224.3 

4 050.8 

1 

2 862.3 


n; n* 

2 ; 2.166 

3.187 

4. 199 

6.204 

6.202 


mp, (m»P,) 

48 382.2 


8 006.4 

4 941.4 



D ; n* 

4; 1.607 


5.705 

4. 712 



mpi (m*P,) 

47 555.9 


7 965.3 

4 020.5 



n; n* 

4; 1.619 


3.712 

4 . 722 



md, (m*Z),) 


13 600.5 

7 579.4 

4 807.9 



n:t n* 


4; 2.841 

3.806 

4.778 



mdi 


13 694.2 

7 570.9 

4 803.4 

3 306.8 

2 357. 1 

n:t n* 

a A A ^ 


4; 2.842 

3.807 

4.780 

6.761 

6.823 


t o chanced from value of (**) to accord with obeerratione of (•■•). 

Ga 777 (340). 

Ge Z = 32. 

Ge 7 (91, 126 , 242); Qe IV (43. 288 ). 

Gl Z =3 4; ««« Be. 

HZ = ] 


ATh = 109677.7, i = Nu (^ + ^), mi< m,. 


m 


1 1 

1 2 1 

3 1 

4 1 

6 

1 

6 

ym/wti 

UOO 

677.7 

|27 410.4 112 

I86.41I6 

854.85)4 

387. 

lll3 

046.60 

m 

1 

7 . 

8 1 

9 1 

10 1 

11 

1 

12 

Sm/m* 

1 2 

238.33 

1 713.71) 1 

354.0511 


1*23 

43| 

761.65 

m 

1 

13 1 

14 1 

15 1 

16 ) 

17 

p 

18 

Nm/m* 

1 

648.081 

560.581 

487.461 

428.43) 

379. 

51| 

338.51 


H. — (Continued) 



i75.48f 162.251 

Series observed: mi - 1 (i«T), 2 (•. ** 7 ), 3 (Jii), 4 (»i). discussion of daU 
('•*); theory of fine structure (*•» *•» *•♦). 
t ArH/(31)« - 114.13. 


He Z = 2. Nh, = 109 722.2. 

He 7 has 2 systems of terms; He 77 has one. 

He 7 ( 126 , 170, 221 , 222 , 250, 268 ). Terms (»3®) 

Singlet system (*‘ParheIium ”) 


m 


1 


I 


6 


mS (m'5) 
n; n* 
mP (m*P) 
o; n* 
mD (m*i>) 
a ; n* 
mP (mip) 
D ; 

mO (m*<7) 

q; «• 


198 284.lt 

32 033.3 

13 446.0 

7 370.6 

4 647.2 

3 196.8 

1 ; 0.744 

1.861 

2.861 

3.869 

4.869 

6.860 


27 175.9 

12 101.4 

6 818.1 

4 368.3 



t; 2.010 

3.011 

4.012 

6fOl3 





6 864.3 

4 302.5 

3 060.0 



9; 2.098 

1 3.998 

4.998 

6.998 




6 857.6 

4 390.7 



1 


4; 4.000 

6.000 






4 301 





1 

• ; 4-999 



8 


9 


10 


11 


12 


m5 (m*5) 

2 331.1 

i 1 776. ( 

) 1 307. i 

} 1 128. ( 

B 


n* 

6.8e( 

? 7.861 

f 8.861 

r 9.86{ 

9 


mP (m>P) 

2 231. ( 

i 1 709. i 

1 1 351.] 

[ 1 094. ( 

1 004.8 

trmwm 

n* 

7.01i 

r 8. on 

J 9.011 

r 10. on 

\ 


mZ) (m>Z>) 

2 240.} 

' 1 715.3 

1 1 355. C 

i 1 097.1 

i 007.4 

762.5 

n* 

6.996 

f 7.996 

r 8.996 

) 9.996 

r 


m 1 

13 

14 

1 15 

1 16 

17 

1 18 

mP (m>P) 

648.1 

558.0 

486.9 

428.0 

370.1 

1 338.21 

mZ> (m'Z)) 

649 8 

560.1 




I 


Doublet system ( 

" Orthohelium”) ‘ 


m 

1 2 

3 1 

4 

5 

1 6 

i 7 

ms (m*30 

38 454.7 

16 073.9 

8 012.6 

4 063.7 

3 374.5 

2 442.4 

n ; n* 

1 ; 1.689 

2.698 

3.701 

4.702 

6.703 

6.703 

mp, (m»Pi) 

29 222.9 






n ; n* 

9; 1.938 






mpi (m>P,) 

29 223.9 

12 746.1 

7 093.6 

4 509.9 

3 117.8 

2 283.3 

n ; n* 

9; 1 . 938 

2.934 

3.933 

4.932 

6.933 

6.933 

md (m*^) 



6 866.2 

4 393.6 


2 241-0 

D ; n* 


2; 2.998 

3.998 

4.998 

6 . 998\ 

6.998 

m/ (m*P) 



6 858.2 




0 ; n* 



4; 4.000 

6.000 



mg (mKT) 




4 391 



n ; n* 




• : 4 999 




m 


8 


0 


10 


11 i 12 


13 


ms (m*5i) 

* 

1 849.2 

1 

1 448.6 

* 

1 165.2 


801.3 

n* 

7.704 

8.706 

9.706 



mpi (m»P,) 

1 743.9 

1 375.3 

1 112.4 


770.6 

n* 

7.932 

8 . 9S3\ 

9.932 



md (m*Z>) 

1 715.0 




762.3 

n* 

7.998 

8.998 

9 . 999\ 

1 



16 


17 


18 


19 


680.0 

666.9 

649.6 

20 



665.1 

660.1 

aT 


508.4 

491.0 

432.1 

382.5 

341.0 



488.0 

428.6 

379.7 

338.3 




260.21 

248.5 


mpi 

md (m*Z>) 

2p-terma are iDverae; BO and Hg from (•**): theoretically doublets should be 
unresolved tripleter hence RusseU-Saunders' notation is doubtfult «/• 

(ste, *4T). several series which vioUts the * selection rule have been 
in electric fields (7>» 147, tS4, sss, •!•); Lyman (*^*) reoesds a Hne whi • 
thinks represents a combination between a doublet and a rinflst term. 

!(••* *••). 

1 135 - 666.2. 

1 19P - 303 6, 20P • 274 0 

I 33pi - 227.9. 














































































SPECTRAL SERIES: Cs TO K 


390 


He //. 



•(i - Id' 


mi < mt 





1 216.76 


1 097.22 


095.21 


Series obserred: mi - 1 (”®). 2 (»•»), 3 (»»). 4 (»*•); for mj - 4, lines 
oorrespondins to even valuea of mj are observed in stellar spectra and there 
called Pickering lines of H. Theory of fine structure (*•» >•» *•*>. 


Hg Z * 80. ATh. = 109 736.8. 

Hg I (90, 1X8, 131, 166, 221, 222, 223, 225, 226, 227, 252, 259, 
264, 277, 324, 326), Terms: ( 7 , A, i very inaccurate, others 

(234) nearly identical with Fowler’s (^•). IMerentiation of F- 
and /-terms not certain. Dingle (9*) giv^ja different arrangement. 

Singlet system 


1 I I 2 I 3 I 4 I 5 ! 6 


• 

(m^flf) 

9 

84 181.2 

20 253.0 

9 776.61 

6 777.1 

3 815.7 


n; n* 

8; 1.149 

9.398 

3. 360 

4.368 

6.363 


mP (m*Pi) 


30 112.5 

12 886.1 

7 319. Ot 

5 368.2 

4 217.2 

n; n* 


8; 1.909 

2.919 

3.879 

4.699 

6.109 

mD (miZ>t) 



12 848.0 

7 117.2 

4 620.7 

3 123.9 

n; «• 


! 

1 

1 

8; 9.999 

3.996 

4.927 

6.997 

mF (m>Pi) 


1 


6 939.8 

4 438.3 


n; n* 




8; 3.976 

4.973 



m 

7 

8 

9 

10 

11 

12 

mP (m^Pi) 


2 237.6 

1 717.2 

1 355.1 

1 097.3 

900. 8t 


6.091 

7.003 

7.994 

9.000 

10.000 


mD (wi^Dt) 

2 288.1 

1 745.8 

• 1 376.1 

1 111.5 



n* 

6.926 

7.929 

8.930 

9.936 




Triplet system 


m 

2 

3 

4 

5 

t e 1 

m$ (m*iSi) 

21 830.8 

10 219.9 

6 064.8 

3 012.8 

2 766.0 

a; n* 

T; 2.249 

3.277 

4.289 

6.296 

6.299 

mpi (miPa) 

46 536.2 

14 664.5 

7 734.4 

4 805.8 

3 279.6 

n; a* 

8 ; 1.636 

2.736 

3.767 

4.779 

6.784 

mpi (m«Fi) 

44 768.9 

14 619.1 

7 714.6 

4 768.7 

3 264.7 

n; n* 

8 ; 1.666 

2.749 

3.771 

4.798 

6.798 

mpt (m>Pt) 

40 138.3 

12 973.5 

7 357.8 

4 5701 

3 158.4 

n; fi* 

8 ; 1.663 

2.908 

3.862 

4.900 

6.893 

mdi (m*i>i) 

1 

12 845'. 0 

7 096.6 

4 502.7 

3 110.2 

a; fi* 

1 

6; 2.922 

3.932 

4.936 

6.940 

mdi (m*Di) 


12 786.0 

7 073.2 

4 401.0 

3 104.5 

a; n* 


8 ; 2.930 

3.938 

4-843 

6.946 

mdi (m>i>i) 


12 749.9 

7 051.7 

4 478.7 

3 096.3 

a; n* 


6; 2.934 

3.946 

4.960 

' 6.963 

m/i (m»Pi) 



6 938.4 

4 436.3 

1 

1 

a; *• 



8 ; 3.976 

4-974 


m/i (m*P*) 



6 036.0 

4 432.2 

3 074.8 

a; »• 



8 ; 3.977 

4.977 

6.974 

m/i (m*P4) 




4 432 


a; n* 



8 ; 3.977 

4.977 


mg (m*0) 




4 305 

3 053 

a; fi* 




8 ; 4-897 

6.996 

mA (m>J7) 





(3 038) 

a; »• 





8 ; 6.010 

mi (m*/) 



1 



a; fi* 







m 

(m»Si) 

n* 

mpt (m*Pi) 

mpi (fPi*Ft) 

«• 

mdi (miZ>i) 

n* 


2 

2 

2 

2 

2 

2 


057.5 
7. SOS 

381.3 
6.788 
373.7 
6.800 

307.4 
6.896 

270.4 
6.9S9 
273.11 
6.948 

260.6 
6.964 


254.lt 

6.977 


(2 


243 

6.995 

237) 

7.004 

216) 

7.037 


8 


9 


10 


11 


12 



1 266.6 

1 030.7 

856.1 


8.307 

9.912 

10.318 




1 415.4 

1 142.0 



7. 803 

8.806 

9.802 



1 760.3 

1 387.7 

1 120.1 

025.2 

776.6 

7.898 

8.892 

9.898 



1 734.5 

1 

1 366.4 

1 105.2 

911.7 

764.2 

7.964 

8.962 

9.966 

1 




662.8 


650.6 


Hg I. Triplet system. — (Confinurrl) 


m 

14 

15 1 

16 

17 

I \H 

10 

ms (m**Si) 

632.0 

464 . 1 

400.4 ; 


1 1 

1 


mpt (m*Pi) 

568 . 3 

403 5 

436.0 

388.5 

347.0 


mdi lm*Dt) 

659.1 

486.8 


376 9 

S.l.'V 4 

1 :i()\ ()** 


t From (**•). 

X 1.3P - 7CI.0. 

1 From (*•*). 

I! Sdi - 1739.4, n* - 7.948. 
ir 8/» - 1723.2, n* - 7.080. 

**20di - 260,2, 21di - 243.8. 

In Z = 49. Nin = 109 736.6. 
In I 235). Limits (3i4). 


m 

2 ' 


3 

\ 

4 

r 

1 

5 

1 

6 



7 

m« (m*Si) 

22 289.2 

10 

360.4 

6 026.2 

3 

943.4 

2 

781 

.2 

2 

063.0 

a ; n* 

6; 2.210' 


3.264 


4 2681 


6 

.276 


6 281 


7.204 

mpt (m*Pi) 

46 662.1 



7 

’ 801.2 

■4 

836.7 

3 

290.7 

1 

2 

386 

a; n* 

5; 1. 633 




3.761 


4 

.764 


6.774. 

1 


8.782 

mpi (m»P») 

44 449.3 


1 

1 

7 

680.9 

4 

780. 1| 

3 

261 

1 

.3] 

2 

364 

n; n* 

0; 1.671 




3.777 


4 

.792 


6.801 


6.813 

mdi (m*Z)i) 


13 

1 

770.0 

7 

613.5 

4 

824.0 

3 

322 

■.8 

2 

437 

n:t n* 


1 

5; 

2.823 


3.796 


4 

.770 


6.747 


8.7/0 

mdi (m*Di) 


13 

746.1 

7 

564.8 

4 

800.3 

3 

304 

.3 

2 

439.6 

n :t n* 


8; 

2.826 


3.808 


i 

.7821 


6 . 76S\ 


8.707 

m 

1 8 


9 




1 

n 


r 

12 

ms (m*5i) 

1 594 


1 220 










n* 

8.298 


9.484 










mpi (m*Pi) 

1 798 













n* 

7.812 













mdi (m*Di) 

1 849 


1 450 


1 168 



060 



803 

n* 

7.704 


8.700 


9.693 









t n changed from value of (**) to accord with observations of 

In JII (2^0). 

Ir Z = 77. = 109 736.8. 

Ir/ ( 197 ). 

K Z = 19. Nk ^ 109 735.0. 

K 7 (14, 15, 127, 163, 221, 224, 238, 258, 263). p-teims («S); 
others (7®) corrected to limit calculated by (®®). 


m 

1 

2 

3 

4 

5 

1 6 

mj (m*Si) 

35 008.5 

13 982.9 

7 558.3 

4 735.4 

3 243.1 

2 360.1 

n; n* 

4; 1.771 

2.802 

8.800 

4-814 

6.817 

8.8/0 

mpt (m*Pi) 


22 023.4 

10 307.0 

6 011.9 

3 938.7 

2 780.8 

a; n* 


4; 2.282 

3.263 

4.272 

6.279 

6.281 

mpi (mtPi) 


21 966.7 

10 288.3 

6 003.8 

3 934.3 

2 778.5 

n ; n* 


4; 2.236 

3.266 

4.276 

6.282 

8.284 

md (m*D) 



13 472. 9t 

7 610. 9t 

4 824.5, 

3 312.4 

n; n* 



2; 2.864 

3.797 

4.770 

6.766 

m/ (m*F) 




6 881.1 

4 406.8 

3 059.1 

n ; n* 


• 


4; 3.994 

4.991 

6.990 

mg (m*C7) 



1 


4 389.0 


n; n* 





9; 4- 999 


mA (m*fr) 






3 042.7 

n; n* 






6; 6.005 

m 

7 

8 

9 

10 

11 

12 


ms (m*8i) 

n* 

mpt (m*Pi) 

n* 

mpi (m*Pt) 

n* 

md (m*D) 

n* 

m/ (m*P) 

n* 

1 794.1 
7.82/ 

2 068.4 

7.284 
2 066.7 
7.287 
2 410.0 
8.748 
2 246.9 
6.989 

1 410.3 
8.821 
1 698.4 
8.286 
1 697.3 
8.289 
1 830.4 
7.748 
1 717.4 
7.994 

1 138.8 
9.816 

1 271.7 
9.290 
1 436.2 
8.741 

939.2 

1 036.2 
10.291 
1 168.9 
9.781 

860.8 

958.5 

726.3 

m 1 

13 1 

1 14 1 

16 1 

1 16 1 

17 

1 IS 

mpi (m*Pi) 

1 621.2 

637.1 1 

469.2 

413.4 

366.0 

327.9 

m 

10 1 

20 

21 

22 

1 23 

1 24 

mpi (m*Pt) 


266.4 1 

242.0 


1 202.3 1 

186.0 

m 

1 25 

26 1 

27 

' 28 1 

20 1 

30 

mpi (m*Pt) 

171.4 

168.7 1 

147.2 1 

137.0 1 

127.8 1 

110. e 


t 3d is double and inverse: 3dt ^ 3di » 2.74 (*^). 
t Term value uncertain, lince 2p — 4d abnormally faint. 
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international critical tables 


K I . — {Continued) 


m 

31 

32 

33 

31 

1 35 

36 

mpi {m^Pt) 

112 0 

105 1 ! 

98 9 

93 . ; 

t ' 88 2 

83.3 

m 

_ y * \ 

37 

1 flB ^ 1 

38 

39 

1 

-10 

41 

421 


74.6 70 6 I 06 8 1 03.8 i 59.8 


\ 43pi - 57.4. 

K IT (34, 36, 62, €3, 219, 249), K jy (124), 

Kr Z =’ 36. NKr = 109 736.4. 

Kr II (135), 

La Z = 57. Ni^ = 109 736.7. 

La / (10«, 107, 190, 191, 192, 237) 

La // (1*>7, 237). 

Li Z =» 3. Nu = 109 728.5. 


Li 7 (15, 1^27, 

149, 163 

, 221 , 224, 258, 263). Limits (76 

). 

m 

1 1 


1 3 

4 

5 

! 6 

m$ (m*S) 

43 486.3 

16 280 5 

8 475.2 

5 187.8 

3 500 4 

2 535.6 

a ; n* 

2 ; 1.588 

8.696 

3.508 

4 . 699 

5.590 

6.678 

mp (fn*P) 


28 582. 5t 

12 560 4 

7 018.2 

4 473.6 

3 099.2 

a ; n* 


ti I . 066 

8.050 

3.964 

4 953 

6.961 

md (m*i>) 



12 203 1 

6 863 5 

4 389.6 

3 047.0 

a; n* 



3; 8.990 

3 . 0.98^ 

6.000 

6.001 

mf (m*F) 




6 856.1 

4 381 8 


a; n* 




4; 4.000 

6.006 


mg (mK?) 





4 386 


a ; n* 





8; 6.008 


mh (m*//) 


1 

1 



3 042 

a ; n* 

1 

1 _ 1 





8; 6.006 


m 


8 


0 


10 


11 


12 


mp (m*P) 

md (m*D) 

n* 

2 273.3 
6.948 
2 237.4 

7.003 

1 736.3 
7.749 
1 699 0| 
8 . 0.60 

1 372.7 
8.041 
1 345.2 
9.038 

I 113.6 

9.987 

k 

917.2 

771.7 

m 

13 

k i 

14 

ft 

15 1 

16 

17 

18 



m 

37 1 

38 

39 1 

40 

41 

42 

mp (m*P) 1 

ft A • ft Aft _ 

81.6 1 

77,7 

73.9 1 

69.4 

66 4 

62 0 


Li II (214, 219, 280,281, 282, 302, 321, 322). Terms (322«). 
Spectrum analogous to that of He 7. 

Singlet system (“Parlithium”) 



m3 (m*5) 
n ; n* 
mP (m*P) 
d; n* 
mD (m*X)) 
a; n* 
mF (m'F) 
n ; n* 


(607 000) 

118 718 

61 300 

28 486 

18 083 

12 603 

1; (0.851) 

1 

1.983 

8.986 

3.986 

4.987 

6.986 

1 

108 263; 

48 330 

27 247, 

1 



t; 8.013 

8.014 

4.014i 





48 804 

27 4541 

17 508 

12 200 



9; 8.999 

4 M 0 M 

4.998 

6.908 




27 436 

17 557 

12 194 




4 ; 4.000 

6.000 

6.000 


Term 


7‘5 

7*D 

7^P 

8‘D 

8'f 

9 153 

8 962 

8 058 

6 863 

6 857 

6.986 

6.098 

7.000 

7.997 

! 8.001 


M 

2 1 

3 

1 4 1 

5 

1 6 

\ 7 

mt (m*8) 

134 041 

55 327 

30 097 

18 895 

1 12 957 

0 438 

a ; fi* 

9; 1.810 

8.817 

3.819 

4.880 


6.880 

mp (m*P) 

115 812 

50 578 

28 191 

17 947 

12 422 


a ; n* 

9;1.847 

8.946 

3.948 

4.946 

6.944 


md (m*£>) 


48 834 

27 467 

17 674 

12 203 

8 964 

a ; «• 
mf (m«P) 
a ; !»♦ 


9\t.998 

8.998 
27 435 
4 ; 4.000 

4.998 
17 557 
6.000 

6.997 
12 193 
6.999 

6.997 

8 968t 
7.000 


t 8»F - 6 858, n* - 8.000. 

Mg Z - 12. ATm » 109 734.7. 



Mg 7 ( 86 , 128. 131 . 222. 269 . 264 ). Terms. ( 76 ); anomalous 
terms, see (***). 

Singlet system 

*3 


m 

m3 (m'S#) 
a ; n* 
mP (m»Pi) 
n ; n* 
mD (m>Z>j) 
a; n* 

m 

(m'Fi) 

n* 

mD 


61 672.1 

18 169.0 

9 115.8 

6 485.7 

3 601.0 


S : / . 334 

8.457 

3.470 

4-473 

5.474 



26 620.7 

12 325.5 

6 97^.6 

4 461 

3 103 


8; 8.030 

i 8.984 

s.oee 

4.950 

5.947 



15 268.9 

8 537.4 

5 363 . '6 

3 648.7 



*; 8.681 

3.686 

4.584 

5.454 


8 


9 


10 


11 


12 


2 277 

1 741 




6.948 

7.939 




2- 631 . 6 

1 982.7 

1 544.9 


WtTHBI 

6.457 

7.440 

8.488 

\ 9.418 

10.418\ 


845. 4t 


Triplet system 



m$ (m*Si) 


9 

9 799.5 

1 5 781.5 

3 817. C 

1 

1 2 709.] 

1 2 022.1 

n ; n* 

4 ; 8.315 

3.347 

4.357 

5.S6i 

\ 5.354 

[ 7.568 

mpi (m*P*) 

39 821.3 






a; n* 

8 : 1.660 






mpt (m*Pi) 


13 824.1 


4 653.2 



d; n* 

3; 1. 660 

8.818 


4.856 



mpi (m*P,) 


13 820.0 

7 419.0 

4 651.9 

3 184.6 


n; n* 

3; 1.661 

8.818 

3.845 

4.867 

6.870 


md (m*D) 


13 714.7 

7 479.5 

4 704.1 

3 229.3 

2 352.9 

a ; n* 


S; 8.889 

3.830 

4.830 

6.830 

6.889 

mf (m*P) 



6 994.8 

4 469.0 



a ; n* 

1 


4 ; 3.950 




m 

8 

0 1 

10 1 

“n—f 

12 1 

13 

ms (m»Si) 

lEiaii 






n* 

8 . 56^ 

9 369] 





md (m*D) 



1 136.4 

936.1 

784.2 

667. 6J 

n* 

7.8fp| 

8 . 887\ 

9.886 





I 4 ita ^ 

Mg 77 (74. 75, 165, 245), Term values calculated from data 
(76) and 4/-hinit (O®)^ corrected to int. scale. Spectrum analogous 
to that of Na 7. 


m 


1 


I 


m4 (m*Si) 
a; n* 

mpi 

o ; n* 

mpi 

a ; n* 

tnd% {m*Dt) 

a ; n* 

mdi (m*Dt) 
a; n* 
mf (m^F) 
a ; n* 
mp (mX?) 
a : n* 


121 268.8 51 463.6 
tl 1.903 8.980 

85 599.4 
t\ 8.806 
85 507.8 
8 : 8.866 


28 482.6 

5.986 
40 648.0 

3.886 
40 617.5 

3.887 
49 778. 4 
8; 8.970 
49 777.4 
8; 8.970 


18 070.7|12 484. 

4.983 6.980 

23 813.9 16 645. 

4.893 6.89 
23 799.8 15 638.1 

4.894 6.899 


27 956.7 17 847.7 
3.968 4-960 

27 468.8 17 678.6 
3.997 4-fi97f 


9 139.0 
6.93/ 


12 367.9 
6.967 
12 206.2 
6.997 
2 196.0 
$; 6.999 


m 

1 7 

8 

1 9 

mm 

mft (m*8i) 

6 976.6 

5 502.2 



n* 

7.988 

8. 988 



mdt (m*Di) 

9 070.8 

6 933. 1 

6 473.1 


n* 

8.955 

7.968 

8.966 


mf (m*P) 

8 967.0 

6 865.2 

5 423.7 

4 303.1 

r»* 

5.996 

7.996 

' 8.996 

9.996 

mg (m*(7) 

8 058.9 

6 860.6 

5 420.7 


n* 

6.999 

7.999 

8.999 

0 . 999\ 


11 


12 


3 630.6 
3 628.7 


3 050.4 
3 040. 1 


Mn Z « 26. Nmo - 109 736.0. 

Mn 7 (^»» 8®» 7®*i *78), Terms (48) according to theory (*••); 
/-terms (*) have been corrected. All d- and /-terms of sextet 
system are inverse. Here ('), C')t • • 
terms are anomalous. 

Sextet system 
m3 1 mP$ I i»ip7 


do not indicate that the 


mP\ 


mF. 


m 

(m*S,) 

• 

(m'Pi) 

• 1 

(m*Pi) 

r 

(m'Pi) 



1 

59 937. 6t 





24 211 

2 

18 533. 6t 

35 158.2 

1 35 149.5 

35 135.2 

24 247.4 

3 

9 032.91 







1 363. t n« - a A3a In* - 8.186 
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Mn /. Sextet system. — (CorUini^) 


I I mpy I mP'; I mf-; I mp;-- I mp-;' 


III 




(m'p;') 

(m'P''') 


.2 

24 167.6 

14 943.6 

14 781.4 

14 678.3 

10 049.5 

9 926.111 



mD$ 

mDi 1 

mDi 1 

mDt 

mDi 

mD^ 

Ifl 

(m«D0 

(m»DiJ 

(m*Di) 

(m«D*) 

(m'Di) 1 

(m«D;) 

1 4 

3 

42 300.3 

42 369.0 

42 485.9 

42 665.6 

42 885. l| 

17 738.8 


mD^ 

mD; 

mD; 

mDj ] 

mD>' 

mD^ 

m 

(m«D') 


(m«D;) 

(mW') 


1 (m«D") 

3 

17 994.0 

17 883.8 

18 004.8 

18 148.0 

12 717.7 

: 12 719.4 


1 -•O'.' 

mC" 

mD" 

rs/f/ 

mD. 

0 


mD”' 

m 

(««d;') 

(m»D") 

(m'D") 

(m«D'") 

imW''') 

(.mW'”) 

3 

12 722.0 

12 725.6 

12 730.2 

11 619.6 

11 636.5 

n 666.511 


1 mga 

1 mF$ 

mFi 

1 mF, 

1 mFt 

1 mFi 

m 

(mVi) 

(m*Fi) 

(m*Fi) 

(m*Fi) 

(m'Fi) 

im*F,) 

4 

16 264.6 

4 

16 203.0 

16 342.0 

16 413.3 

16 508.0 

16 624.2 


Octet system 


m 


m 


m$ (m*iS4) 

20 606.1 

9 779.9 

6 767.4 

3 793.1 


13 231.3 

«• 

8. 5/4 

5.54^ 

4.866 

6.379 

n* 

£.880 

mp$ (mfiPt) 

41 536.0 


7 448.6 


mdi (m^Di) 

13 230.4 

n* 

1 . 6$6 


S. 8 S 8 


n* 

£.880 

mpt 

41 406.8 


7 441.1 


md$ {m^Di) 

13 229.1 

n* 

l.e £8 


3.836 


n* 

£.880 

mpi b»»*Z**) 

41 232.1 

13 066.1 

7 431.6 

4 675.4 

mdt 

13 227.3 

n* 

i.eai 

B. 8 O 4 

3.843 

4-844 

n* 

£.880 

m 

1 

1 3 

1 


5 1 

6 


mdi \m*Dt) 

13 224.0 

■EB 

4 561.8 

3 145.3 

n* 

f H80 


4.904 

5.907 

mf (mV) 



4 438.3 


»!• , 


■eh 

4.973 



n 2P'" - 9 838.4. 

13D'" - u 711.6: azy/' - 11 769.6 


Mn// (2, 1»4) 

Bin /// (®»). 

Mo Z - 42. ATmo * 109 736.6. 

Mo / (4®!* 52, 193, 325), Terms and limits 0®®); TnP-terms 
are inverse; here (') and (") do not indicate terms are anomalous. 
(Limits calculated by Catahin (®®i 52) differ from those ysed here.) 


Quintet system 

m 1 

2 

3 

4 

m 1 

3 

mS (mVs) 

!»• 

mP, (m»P0 
mPt <m*P,) 
mP, (mV,) 

48 792.2 
1.600 
30 636.9 
30 723.8 
30 845.3 

18 720.1 
. £.4£I 

9 465.3 

3.400 

mD, (m*Do) 
mD, (m^Di) 
mD, (m*D,) 
mD, (m*D,) 
mDi (m'DO 

48 694.6 
48 417.6 
48 106.1 
47 702.0 
47 214.3 


so; (3 ‘d;) 

26 908.2 
3Z)" (3*Z)'|,') 

22 460.4 


8d; (3id; ) 

3D; (3»D/) 

3d; (3»d; ) 

26 661.8 

26 261.4 

25 605.5 

3d;' (3»dJ') 

3D" (3»D") 

SD" (3<D") 

22 267.4 

21 081.3 

21 592:1 


3D' (3*D') 

24 479.4 
3D'/ (3*D") 

21 137.6 


Septet system 



m» (m’ 5i) 
n; n* 

mp$ <m»Pt) 

mpi (m’Pi) 

mpi (mfpi) 

»pj (mtp') 

mpl (■•'/>{) 


ujajZjK 

10 886.0 

mp' (m’p;> 

27 647.0 


•: i.557 

8.349 

mdi (»’Dx) 


14 624.7 


33 046.1 

"*^4 (m’Di) 


14 620.0 


33 688.6 

mdt (w»D») 


14 613.1 


33 239.0 

••^1 (m»D4) 


14 603.3 



m^l (m»D») 


14 590.5 


28 027.0 





Mo // (1*3, 325). 

N Z - 7. ./Vn - 109 732.9. 

n / (123, 139, 140, 249). 


N // (22, 59, 84, 137, 249). Fowler (*>) gives relative values 
for a singlet and a triplet system. 

N III (22). 

Na Z = 11. ATn* = 109 734.6. 

Na / (15| 64, 127, 148, 163, 221, 224, 258, 263, 328). Limits 


(76). 


m 

1 1 1 

2 

3 

4 

5 

6 

m* ' 

41 449.0 

15 709.5 

8 248.3 

5 077.3 

3 437.3 

2 480 7 

n ; 

3 ; / . 686 

£.643 

3.047 

4.649 

5.660 

6.651 

mp, (m*Pi) 


24 492.8 

11 181.6 

6 408 8 

4 152.8 

2 908.9 

n; n* 


8; £.116 

3.133 

4.138 

6.140 

6.141 

mpl (m*P,) 


24 476.7 

11 176.1 

6 406.3 

4 151 3 

2 907.5 

n; n* 


8; 8 117 

3.133 

4 . ISO 

6.l4i 

6.143 

md (m^D) 



12 276.2 

6 000.4 

4 412.5 

3 061.9 

n ; n* 



3; £.900 

3.988 

4.987 

6.987 

mf (mV) 




6 860.4 

4 390.4 

3 041 5 

n; n* 




4; 3.999 

6.000 

6.006 

mo (m*(7) 




1 

4 389.8 


n ; n* 

. 




B; 6.000 


mk (m’ff) 




1 

1 


3 046.3 

n; n* 




i 


6; 6.002 

m 

7 

8 

9 

10 

11 

12 

ms (m*5i) 

1 874.5 

1 466.0 

1 175.5 

966.1 

804.4 1 

679.5 

n* 

7.661 

8.662 

9.662 




mpt (m*Pi) 

2 150.7 

1 655.4 



1 



7 . 14 s 

8 .H 2 





mpl (m*Pi) 

2 149.8 

1 654.1 

1 312.3 

1 065.9 

883.4 

743.3 

n* 

7.144 

i 8.146 

9.146 

10. 147 



md (m^D) 

2 248.6 

1 720.9 

1 357.2 

1 098.7 

907.1 

761.7 

n* 

6.986 

1 7.986 

i 8.992 

9.994 



m 

1 13 

1 14 

1 15 

16 1 

17 1 

1 IS 

mpl (m*P,) 

634.9 

648.1 

478.6 

421.1 

373.9 

333.5 

md (m*D) 

647.7 

659.0 

491 




m 

10 

20 

1 21 

22 1 

23 

24 

mpl (m»P,) 

299.5 1 

270.3 

245.1 

223.4 

204.7 

187.9 

m 1 

1 25 1 

26 

27 

28 

29 

30 

mpi (m*P,) 

i 173.3 

160.3 

148.1 

137.9 1 

128.7 1 

120.3 

m 

31 1 

32 . ! 

33 

34 

35 1 

36 

mpl (m*Pi) 1 

112.8 

106.1 

99.9 

94.2 1 

89.0 1 

84.2 

». 1 

37 1 

38 

39 

40 

41 

42 

mpl (m»P,) 

79.7 1 

75.5 

71.7 

68.1 

64 9 1 


m 

43 1 

44 1 

45 

46 1 

47' I 

48 • 

mpi (m*P,) 

59.0 1 

56.3 1 

53.8 

61.5 1 

49.4 1 

47.3 

m 

49 1 

50 ] 

£1 

52 

53 1 

54 

mpi (m*P,) 

45.5 1 

43.6 1 

419 

40-^ 1 

38.8 1 

37 1 

m 1 

65 

56 1 

57 

1 

58 

mpi (m*P,) 1 

36.1 

35.0 1 

34.4 

1 3£.8 


Na // («®). 

Nb Z = 41; see Cb. 

Ne Z = 10. 7 Vn« = 109734.2. Ne/ has 2 systems: "Normal" 
and “Displaced;" actually, ;both are equally normal. The term 
values for normal state (173 918 and 173 918 + 781) correspond to 
the Lr- and Lt-X-ray levels; ionization potentials =* Z1.466. and 


21.662 volts. 

17e / — P — Paschen’s original notation, R-S « Russell-^undeia 
notation. Term values from Paschen (22 9, 230) ^ho states that 

for some sequences the term value is A - “ij* 

7C 


R-St 

m 


iSi 

i* 

* 

1 P 4 



40.0fi 


39 470.2 
3; i.ees 
39 887.6 
8 : / .ffS 8 
>73 016ii 
2 ; 0.794 


Normal terpia 


3 1 

\ 4 

6 

6 

(15 141. 5)t 

8 016.7 

4 962.1 

3 372,4 

2.602 

3.700 

4.70£ 

6 . 74 S 

(15 332.2)1 

8 101.3 

6 004.8 

3 304.7 

2.676 

3.681 

4.683 

6 . 684 . 

23 012.0 

10 628.1 

6 062.1 

3 952.7 

£.183 

3.££0 

4 . £66 

6. £69 
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INTERNATIONAL CRITICAL TABLES 


Ne 7 . 


P R-St 

m 


mp? mPu 
n; n* 

mpio mPik 

n; n* 
mp« mPte 
n ; n* 

mpt mP^ 
n: n* 



(Continued) 

Normal t«rma 


3 ' 


m 


mat mSi 

n* 

m«» fruSt 

n* 

mpi mPt 
n* 

mpi mPia 

n* 

mpto mPih 

n* 

mp< mPu 

n* 

mp* mPta 

n* 

mp* mPi 

»• 

md* m^* 

n* 

md] mDu 

n* 

mdi mDi» 


ma, mD 


mdt mD»a 

n* 

mdi mDt» 

n* 

md* mDtk 

n* 

md* m£>* 

n* 


P R-S 


23 807.9 
S; e.J47 
25 671.7 
S; £.057 

23 613.6 
S; £./55 

24 105.2 
*; t.iSS 
24 272.4 
3; £.1£5 
12 419.9 
3; £.575 
12 292.9 
3 ; £ . 988 
12 406.2 
8; £.574 
12 229.8 
8; 2.996 
12 322.3 
8; 2.984 
12 228. 1 
3 ; 2.996 
12 337.3 
3; 2.983 
12 339.2 
8 ; £ . 55£ 


1 

4 1 


5 1 


e 

10 

916.8 

6 

289.8 

4 

080.9 


3.171 


4.176 


6.179 

11 

411.6 

6 

479.9 

4 

181.3 


S.lOl 


4.116 


6.123 

10 

891.0 

6 

280.7 

4 

086.6 


3.174 


4.180 


6.182 

11 

030.3 

6 

338.1 

4 

114.7 


3.164 


4. 161 


6.164 

11 

098.7 

6 

370.3 

4 

132.3 


3.1U 


4.161 


6.16$ 

6 

961.8 

4 

446.4 

3 081.2 


3.970 


4.555 


6.968 

6 

902.6 

4 

412.4 

3 

061.6 


3.987 


4.555 


6.988 

6 

954.1 

4 

441.0 

3 

078.1 


3.972 


4.971 


6.971 

6 

881.9 

4 

403.1 

3 

056.6 


3.553 


4.992 


6.992 

6 

917.9 

4 

420.9 

3 

066.5 


3.983 


4.083 


6.983 

6 

880.8 

4 

402.6 

3 

060.2 


3.554 


4.993 


6.992 

6 

928.4 

4 

427 . 1 

3 

070.5 


3.575 


4.979 


5.575 

6 

929.6 

4 

427.8 

3 

071.0 


3.979 


4.575 


5.575 


2 440.0 1 
, 5 705 

2 456. 1 I 
6.684 
2 780.6 
6.281 
2 871.4 2 
5.;£/ 

2 920. 1 2 
5.150 
2 869.2 2 

5.154 

2 885.8 2 

5.155 

2 896.5 2 
5.154 
2 260.3 1 
5.555 
2 246.6 1 
5.555 
2 257.5 I 
, 6.972 

2 244.2 1 

6.993 
2 248.1 1 
6.987 
2 243.9 1 
6.993 
2 253.7 1 
5.575 
2 254.0 1 
5.575 


848.5 1 
7.706 
858 1 1 
7.686 

1 

126.2 1 
7.184 

156.5 

7.154 
126.2 1 
7.184 
137.8 1 

7.155 
142.4 1 
7.167 

729.1 I 
7.960 

720.3 1 
7.987 

727.6 1 
7.970 

718.4 1 

7.992 

722 . 7 1 
7.982 

718.2 1 
7.992 

724.2 I 
7.575 

724.3 1 
7.978 


9 I 


447.6 1 
5.707 

454.1 1 
5.555 

602. 1 
8 277 
638.0 1 
8.186 


10 1 


164.9 

5.705 

169.6 

5.557 


11 


957.1 


12 


800.7 


960.9 803.4 


299 . 2 1 057.5 
5.151 10.187 


638.0 1 
5.155 
642.6 
8.173 

647.2 1 
8 162 

364.5 1 
5.555 

358 . 6 1 
5.555 

363.5 I 
8.971 

357.3 1 

5.55£ 

360.1 I 
5.555 

357.2 1 
8.992 

361.4 1 
8.978 

361.6 1 
8.978 


299.2 1 057.5 
9.191 10.187 


306.2 
5.155 
104.9 
5.555 

100.2 
5.557 
104 0 
5.570 

099.2 

5 . 55f ! 
101.5 
5.55/ 

099 . 2 ' 

9.902 

102.2 
5.575 
102.3 
5.575 


912 0 


911.5 765.8 651.0 


908.5 763 3 


909.4 

908.2 

910.6 


764.3 

762.9 


649 3 


646.5 


765.0 651.3 


910.6 765.0 651.4 



Anomalous tcrms^ (Ne /) 


3 


m«s m8^ 780.8 

n ; »*• 

mji mS^ 781 .3 

n; n* 


39 110.8 

» ; (1.668) 
38 040.7 

1; (1.551) 


mpi 730. 0** 173 91811 

n;n* %i (0.793) 

mpi mp' 763 . 0** 

1 O 

n; n* 

mps mP^^ 783.4 
d; »• 

mp4 mP^ 780 . 4 
n; 

m»[ mX>* 780.6 

a; n* 


(14 651.0)1 

( 2 . 666 ) 
(14 506. 5)t 

(2.679) 
20 958.7 

(2.247) 

22 891.0 

* ; (£ . 1 55) 

23 157.3 

*: (2.t4i) 
23 070.0 

»; (2.146) 
11 493.8 

t; (2.990) 


7 323.1 

(5 . 680) 
7 273.0 

(3.692) 
9 643.5 

(3.244) 

10 221.7 

(3.168) 
10 272.1 

(3.161) 
10 220.8 

(3.168) 
6 121.7 

(3.987) 


5 


4 223.5 

(4 ■ 683) 

4 201.8 

(4 . 693) 

5 342.4 

(4 ■ 233) 
5 570.8 

(4 166) 
5 673.9 

(4.166) 
5 560.7 

(4.163) 
3 633.4 



2 616 6 

(5 . 683) 

2 605.4 

(6.693) 

3 240.0 

(6 . 223) 
3 351.0 

(6.166) 
3 344.5 

(6.167) 
3 332.2 

(6.186) 
2 284.6 


P R-S 

m 

I 


^ 780 . 5 

n; n* 

780.3 

n; n* 

mj"'mi>' 780.4 
n; n* 


m 


mat m ^ 
n* 

m«i m5| 


mpi ^0 


Ne /. — (Coniinued) 


Anomalous tormsf (Ne Z) 




11 609.5 

a; (2.988) 
11 520.8 

a; (2.987) 
11 619.3 

a; (£.557) 



mpi mP/ 

I d 

mp» mPj^ 


mp4 m/^ 
n* 

"m' mZ)' 

mt, mZ>^ 

1 ta 

n* 

ma^ mD^ 


fl* 


mO' 


1 676.1 

(5.554) 

1 667.7 

(5 . 555) 

2 016.0 

(5 . £53) 
2 126.2 

(6.143) 
2 107.1 

(6.163) 
2 101.4 

(5 . / 69) 

1 468.4 

(5.555) 
1 471.0 

(5 . 55/ ) 

1 471.6 

(5 . 555) 
1 470.8 

(5.55/) 


8 


1 077.3 

(7.686) 
1 072.6 

(7.696) 
1 264.3 


9 


674.2 

(5.554) 

670.0 

(5.557) 

747.9 


(7.3£4) (5.47£) 


1 365.8 

(7.166) 
1 366.0 

(7./55) 

940.4 

(7.555) 

942.3 

(7.550) 

942.3 

(7.550) 

942.2 


864.0 

(8.168) 


578.6 

(5 . 554) 
680.0 

(5 . 550) 

579.9 

(5 . 550) 

679.9 

(5 . 550) 



116.4 


(7.550) 


t Landc (* • * ) has given /'Values for all terms, and has sboirn (* •*) that each 
system may bo regarded as compounded of two; the normal of a triplet and a 
quintet, and the anomalous of a singlet and a triplet. This resolution can not 
always be uniquely effected, and this type of resolution is not the only one poeei* 
ble (* * ^), hence the upper index of the R-8 notation bae been omitted and the 2 
terrtie of same lower index are distinguished (***) by o and 6. o denoting the 
smaller. 

t Calculated; not based on observed lines. 

( Adding A makes only a little improvement: A not oonaidered in oompuUng 
n*. 

n From (»Ti). 

Grotrian (* **) claims these correspond to a residue which differs from that 
for normal terms by 781 cm“‘ in energy level. Here all terms (nwmal and 
anomalous) are reckoned from same xero level, but n* is calculated from the real 
term value, which for an anomalous term is (781 -f- tabulated value); the values 
of n* which do not correspond to the tabulated term values are placed in ( ). 

•• This sequence does not follow the formula closely; A oould aa well be taken 
aa 781. 


Ne // (38, 39 , 40, 134, 260 ). 

Ni Z « 28. Nni * 109 736.1. 

Ni / ( 10 , . 12 , 183, 318). Ni // (2«7). 

O Z - 8, No = 109 733.4. 

O / ( 221 , 251). Terms: 2P (i^ 121), others 2 P-tenns 

are inverse. 

TViplet system 


mS (m*Si) 
n; n* ^ 
mPi (m*P*) 
n ; n* 

mPt (m*Pi) 
n ; n* 

mPi (m»Pi) 
n; n* 
mD (m*D) 
a: n* 


1 



2 I 3 I 

33 043.3 13 612.5 7 425.6 4 672.8 3 210- 

2 1 1 823 2.840 3 843 4-646 6.84 

109 607 
t; 1 001 
109 674 
2 ; 1.000 

109 833 21 207.2 10 157.6 5 968.6 

t; 1.000 2.285 6.286 4688 _ 

12 350.0 6 929.9 4 429.2 3 07 

t\ 2.981 3.981 4-67^ 6- 



(4.555) (5.553) 


mS (i»**Si) 

n* 

mD (m*D) 

n* 


2 340.9 
6.847 

2 255.4 
5.575 


8 

9 1 

1 780.3 
7.55/ , 

1 721.4 
7.554 

1 401.7 

5.545 

1 360.3 
8.982 













SPECTRAL SERIES: Ne TO Rn 
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403 


O /. — {Coniinued) 
Quintet system 


Pb I. — (Conlinued) 


m 

1 



3 


4 

6 


6 

«M (m*5t} 


36 069.0 

14 368.5 

7 

720.8 

OP 

4 

c 

3 201.0 

n; »• 


$il.74S 

8.768 


5.770 

4- 

773 

6.775 

mp, (m»Pi) 


23 211.0 

10 744.3 






a; 


$i$.174 

3.193 






mp, (m*P0 


23 209.2 

10 743.7 






a;«* 


Mi 8.174 

S.7P5 






mpi (m'P,) 


23 ^5.8 

10 742.6 






aja* 

1 

8; 8.776 

3.188 






md (m*i)) 

1 

j 


12 417.3 

6 

971.7 

4 451.5 

3 085.7 

a; n* 



3; 8.97S\ 


3.966 


6.963 

m 

1 

7 1 

8 


0 

r 

10 

m» (m*iS,) 

2 

391.6 

1 816.7 

r 

1*425.1 1 



n* 


8.774 

7.774 

8. 

776 



md (m‘Z>) 

2 

263.0 

1 731.4 

1 307.1 

1 

. 100.1 




7.961 

8. 

963 


9.961 


O // (22, 29, eO, 61, 82, 85, 207, 255). 

O IJ2 (22, 82, 208, 209, 210, 211). 

a/V (22). O V (20). O VI (20). 

OsZ « 76. A^O. * 109 736.8. Os / (*07)^ 

P Z = 16. ATp - 109 736.2. P 7 (262). p // (23). 
P III (26, *12). Spectrum analogous to that of A1 /. 


m 

2 

3 

m 

3 1 

4 

■u (mSdi) 

125 407.8 

67 292.8 

md, (m^Dt) 

126 461 4 


b; fi* 

4; 8.5/9 

3.838 

n; n* 

3; 8.706 


mpt (m«Pi) 

243 332.1 

101 967.8 

mdi 

126 450.0 

70 904.5 

a; n* 

1; 8.014 

3.118 

n; n* 

8; 8.796 

3.738 

,mpi (m»P,) 

242 772.6 

101 821.2 




a; n* 

3; 8.016 

3.116 





P IV ( 2 T), Spectrum analogous to that of Mg 7. Only triplet 
system is luxown. 


m 

2 

3 

m 

• 3 

4 

m« (m‘5i) 

187 687.9 

105 470.2 

md, (m*Z)i) 


121 344.0 

a: n* 

4; 5 . 068 

4.081 

n* 


5 . 804 

mp, (m»P,) 

346 661.4 

168 032.4 

md, 


121 338.4 

a; n* 

3; 8.857 

5.558 

n* 


3.804 

mpt (m*i»,) 

346 432.8 

167.973.7 

mdi 

225 185.0 

121.330.7 

a; »• 

3; 8.857 

3.334 

n; n* 

i; 8.703 

3.804 

. mpi (m»P0 

346 964.0 

167 326.3 




a; n* 

3; 8.855 

5.555 





P ^ (** )• Spectrum analogous to that of Na 7. 



n 

mp 

a 

mp 

a 

a 

o 


m2 


(m>3t) 

n^ 

(m»P|) 

n* 

(m»J>,) 

H* 

(m*Z)> 

n* 

(m«J^ 

«• 

(m*0) 

n* 

(m*tf) 

w* 


624 491.2 

261 640.7 

147 368.7 



3; 8.887 

S.SOS 

4.307 




486 641.8 

220 330.0 




3; 8.608 

5.585 




435 046.0 

220 066.1 




3; 8.577 

8.631 





320 296.0 

179 101.1 


1 


3; 8.987 

3.013 





171 909.4 

110 036.6 




4; 3.996 

4.904 





109 818.4 





• ; 4-998 


76 278.6 
6.907 
76 256.2 
6 ; 5 . 


Pb ^ m 82. ATpb = 109 736.8. 

Pb 7 (2, 101, 102, 182, 299, 205, 205.8, 308, 310); p.and d-nota- 

>08 are tentative; small changes in arrangement of d-terms have 
en made, and a new series of d-terms not 

oomlun e with 2p,. 


m 

2 1 

wu 

24 624.0 

a; n* 

t; 8.775 

mp4 

60 811.2 

n* 

7.554 

mp. 

61 992.0 

n* 

7.455 


3 872.7 

e.jso 


2 123. 6t 
7.189 



1 2 1 

1 0 

1 4 

1 6 

1 6 

i 7 

2 mpt 

49 160.8 




• 


n* 

7.454 






2 mpt 

38 353.2 






n* 

1.091 






2 mdt 

1 

14 367.7 

7 709.1 

4 808.0 

3 274.0 

2 389. 9t 

n* 


8.763 

5. 773 

4.778 

6.789 

6.776 

2 17^1 


13 760.2 

7 601.1 

4 728.8 

3 246.7 

2 371 



8.886 

3.886 

4. 818 

5.574 

5.505 

1 mJi 


13 742.7 

7 311.8 

4 662.7 

3 210.7 

2 3441 

n* 

1 

1 

8.886 

3.874 

4.565 

6.846 

6.842 

3 fmfi 


13 482.3 

7 399.3 




n* 


8.555 

5.557 





t 8« - 1628, ft* = 8.810. t Sd* - 1812, n* - 7.788. | 8d> 

7.839; Odt - 1400, n* - 8.864. 

Pb 77 (»03). 

Pd ^ = 46. ATpd = 109 736.5. 

Pd / (7, 11, 179, 180, 197). Pd II (180). 

Pt Z = 78. Npt * 109 736.8. Pt 7 (»75.5, i97). 
Ra Z = 88. A^fu = 109 736.8. 

Ra 7. Spectrum not yet analyzed. 

Ra 77 (60, 244). Terms (76) calculated by 


1786, n* 


m 

1 

2 

1 3 

4 

ms (m*5i) 

82 862.1 

39 457.0 



n; n* 

T; 8.507 

5.555 



mpi (m*Pi) • 


61 510:4 



a; n* 


7; 8.577 



mpi (m*Pi) 

1 

56 653.2 



n; n* 


T; 8.754 



mdj (m*Z)i) 



1 

34 118.1 

-o; n* - 




7; 5.557 

mdi (m^Di) 




33 621.8 

n ; n* 




7; 5.575 


Rb Z =* 37. 

Rb 7 (»5, 127 

(7^). 


A^Rb = 109 736.4. 

, 163, 221, 224, 238, 239, 258, 263) 


Term values 


m 

1 1 

2 

3 

1 4 

5 

6 

*ifM (m*5i) 

33 689.1 

13 567.9 

7 378.1 

4 642.0 

3 101.2 

2 328.5 

a; n* 

•: 7.506 

8.846 

5 . 866 

4-558 

6.864 

6.866 

mp, (m»/*i) 


21 110.2 

9 974.1 

5 854.2 

3 854.8 

2 729.0 

n ; n* 


6; 8.850 

3.317 

4.585 

6.336 

6.340 

mpi (m*P,) 


20 872.6 

9 896.6 

5 619.2 

3 836.5 

2 719.6 

n; n* 


6; 8.893 

3.331 

4.548 

5.545 

6.361 

mdt 


1 

14 334.3 

7 088.9 

5 002.4 

3 409.6 

q; n* 



4; 8.767 

3.706 

4.554 

6.673 

mdi (m*Z),) 




7 085.9 

6 000.2 

3 407.7 

a; n* 




Ml 3.707 

4.686 

6.676 

m/ (m*y) 


1 


6 807.6 

4 418.2 

3 068.0 

n ; n* 



1 

1 

4; 3.989 

4.554 

6.981 

mg (m*0) 



1 


4 389.9 

a 

n; n* 





6; 5.000 


mh im*H) 







a ; n* 






Mi 6. 004 


m 


8 


0 


10 


luT 


12 


ms (m*5i) ' 

1 773.8 

1 397.4 

1 





n* 

7.555 

5 . 558 





mp, (m*Fi) 

2 033.8 






n* 

7 . 545 , 






mpi (m*/*i) 

2 028.2 

1 673.3 

1 254.8 

1 024.2 

840.3 


n* 

7.366 

8.361 

5.555 

10.361 



md, (m*D,) 

2 468.2 

1 868.8 

1 464.6 

(1 182.7) 



n* 

6.668 

7.663 

8.666 

5.555 



mdi (m*Z>,) 

2 467.0 

1 867.6 

1 463.5 

1 176.7 

1 


n* 

5.555 

7.666 

6.660 

9.667 

1 

1 


mf (m*D 

2 252.4 






«• 

6.980 



1 




m 


13 


14 


16 


16 


17 


18 


mpi (m*/*,) 1 

614.6 1 

631.7 1 

464.1 1 

409.7 

363.6 

325.3 

m ( 

19 1 

20 

21 1 

22 

23 

24 

mpi (m*Pi) 

292.0 1 

265.2 1 

240.8 1 

219.3 

201.7 

186.0 

m 

25 1 

26 

27 1 

28 

! 20 


mpi (ntfPt) 

170.6 1 

167.5 1 

146.3 1 

136.2 j 

127.1 1 

119.lt 


t31p, - lll.l 










































































INTERNATIONAL CRITICAL TABLES 
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Rh Z ^ io. \k.. - lOfJ 730.5. 

Rh I (197, 292, 293). 

Ru Z - 11. .Vr„ = 109 730.5. 

Ru [ 196, 197, 289, 290). 

S Z 10. Ks = 109 735.2. 

S 1 (124, 25ij Terms: triplet (*7) from measurements 
otiu r.s (76)^ l.v is from measurements of (291). 


Triplet system 


m 

mS (m»Si) 

n ; n* 

mPt 

a ; n* 

mPj (m*Pi) 
n; n* ; 

mPi (m*Pt) ; 
n; n* I 

mD im*D) 
n ; n* 

2 

1 

28 229 

4 ; i .072 

12 204 

2.099 

82 082 

3 ; 1.150 

83 156 

3; I.I49 

1 

83 554 

3 ; 1.146 

15 665 

9; 2. 648 

4 1 

f) 8.35 

(9 288> 
3-437 

(9 290) ' 
3.437 

(9 291) 

3.437 



Quintet system 


m 

2 

3 

tn 

ma (m*5,) 

md (m*D) 

mi (m‘5,) 

30 936 9 



n* 

0 ; n* 

D ; n* 

1 

i ; 1.883 


5 

4 602.6 

5 290.2 

mpi (m»Pi) 1 

20 114 7 

9 649.5 


4 . 938 

6 ; 4-664 

1 

n ; n* i 

4 ; 2.336 

5.57f 

6 

3 111.6 

3 668.3 

mp, (m^P,) 

20 103.4 

0 645.9 


5.939 

6.648 

n ; n* 

4 ; 2.337 

3.373 

7 

2 278.9 

2 665.7 

mpi (m»P,) 

20 085,5 

9 630-9 


8.-940 

6.639 

n ; n* 

4 ; 2.338 

3.374 

8 

1 741.1 

1 031. 8t 



• 


7.939 

7.638 


t For m = 9, fTwl - 1 606.8, n* - 8.63S; for m - 10. mrf - 1 207.8, n* - 


0.533. 


S 77, S 777. Spectrum not yet analyzed. 

S IV. (24, 213). Spectrum analogous to that of A1 7. 


m 

2 

3 1 

in 

3 

1 4 

mt (m*5i) 

200 109.2 

110 531.0 

m<Ji (m*Dj) 

220 414.3 


0 ; n* 

4 : 2.983 

3.986 

n; n* 

•; 9.768 


mp, (m*Pj) 

■381 641.4 

168 034.0 

fnd\ (m*D») 

229 400 0 

126 151 6 

n ; n* 

3 ; 2.146 

3.233 

0 ; n* 

t; 2.768 

3 731 

mpi (m*P,) 

380 691.2 

167 824 0 




D ; n* 

8; 2.148 

3.234 





S V ( 27 ). Spectrum analogous to that of Mg 7. Only triplet 
system is known. 

Triplet system 


m 

2 

3 

m 

' 2 

1 3 

m» (m»iSi) 

273 076.0 

1 

mpi (m*P,) 

500 497.7 

235 101.6 

n; n* 

4 ; 5-/70 


n; n* 

8; 2 34h 

3. 416 

mp, (m*P*) 

501 618.2 

236 568 6 

md (m*D) 


349 700 0 

n; n* 

3 ; 2.339 

3.413 

n; n* 

1 

3 ; 2.801 

mp, (m*P,) 

501 262.4 

235 480 7 




0 ; n* 

3 ; 2.340 

3.413 





S VI (26). Spectrum analogous that of Na 7. 


m 

1 

2 

3 

4 

5 

m$ (m*5,) 

710 264,2 

347 264.0 




n ; n* 

3 ; f 368 

3 373 




mp, (m>Pi) 

1 

1 

604 308 2 

309 083.5 



n ; n* 


1; 2.667 

3 676 



mpi (m*P,) 


603 131.1 

308 625.9 



n ; n* 


t\ t. 668 

3.677 



mdt (m*D,) 



462 854 4 



a ; n* 



t\ 2 921 



m<li <m*Z>,) 



462 818.2 


1 

1 

n ; n* 



t; 2.021 


1 

m/ (m»P) 




247 612.1 


n ; n* 




4 : 3 . 994 


mg (m*<7) 





158 160.5 

n ; n* 





4 . 99 s 


Sb Z = 51. Nab « 109 736.6 ( 24 «). 

Sc Z = 21. Nb« = 109 735.8. 

Sc 7 (46, so, so. 5, S8, 94, 100 , 109, 166 , 266 ) 
Sc 77 (50.5, IB6, 164, 237, 266 ). 

Sc 777 (92). 

Se Z = 34. Nb, = 109 736.3. 


Se / (*77, 251). Terms (7«). Only the quintetsystemisknown. 

5 I ^ 


m* im*Si) 
o; n* 
mpt (m*Pi) 
n; n* 
mpt (m»Pi) 
n; n* 

mpi (m*Pj) 
n; n* 
md (m‘Z>) 
n; n* 


10 416.2 
5 ; S.377 
10 371.4 

I; i.sao 

19 267.7 
f ; £.338 


4 440.1 


5 112.5 
5 ; 4 SSS 


3 065.0 
8.984 


3 462.1 
6.899 


m 

7 j 

8 

0 

10 

11 

(m*iSi) 

2 261.5 

1 720.3 


1 



6.968 

7.986 




md (m^D) 

2 498.2 

1 887.0 

1 472.2 

1 184.3 

073.2 


8.628 

7.624 

8.834 

9.827 



Si Z = 14. 
Si I («o). 
Si IV (80) 


Nsi = 109 735.0. 

Si II (24, 79, 80). Si III (79, 80). 
Terms (77) corrected (26) to basis of JVsi 


m 

1 

I 2 

3 

\ < 1 s 

6 


364 100 

170 138 

08 699 



n ; n* 

3; 2.196 

3.212 

4.218 



mp, (m*P,) 


202 822 

145 850 

87 613 


n ; n* 


3; 2.449 

3.470 

4.477 


mp, (m*Pi) 


202 362 

146 688 

87 538 

41 719t 

d; n* 


3; 2.461 

3.472 

4 479 

8.487 

md (m*D) 



203 738, 

114 109 72 627 


D ; n* 

m - 7 

m » 8 

3; 2.936 

3.922 4.918 


m/ (m*P) 

35 925 

27 491t 


109 087 70 399 

48 806 

n; n* 

6.991 

7.092 


4\3.996 4-994 

6.993 

mg (m*G) 

35 868 



70 277 

48 813 

n; n* 

6.996 

1 



i; 4.999 

6.997 

mk (m*H) 

1 




48 797 

D ; n* 





• ; 6.998 


t From (* ^4). 

Sn Z = 50. 


= 109 736.6. 



Sn 77 (216. 217). Terms (H®). Spectrum analogous to that 
of In 7. 



m$ (m*8i) 

60 821 

33 000 

20 203 

n; n* 

4; 2.688 ■ 

3.848 

4 . 860 

mp, (m»Pi) 


46 213 

24 990 

a; n* 

5; 1.931 

3.081 

4.191 

mpi (m*Pf) 

113 451 

45 320 

24 623 

a; «• 

1; 1.968 

3.111 

4.221 

fTMl, (m*2>,) 


46 301 

27 467 

a; n* 


•; 3.078 

3.977 
































































SPECTRAL SERIES: Rh TO V 


405 


Sn //. — {Continued) 


mdi (m>i>a) 46 658 

27 360 

17 857 

a; a* §; S.IOO 

4. 006 

4.966 

ii%f (m»P) 

23 416 

18 056 

1 

a; a* 

4; 8.990 

4.980 


Sn III 
Cd/. 


_ _ • 

Terms Spectrum analogous to that of 


Singlet system 


fii<S 
n; fi* 
mP (»»Pi) 
n{ fi* 
mD imWt) 
n; fi* 


243 235 
•; S.OiS 


mP 

n • VI ^ 


4 


61 475 
4; 4.006 


163 827 80 517 ir. 

9l$.4S9 s.soe 1 

99 650 

8; 3.148 

Triplet system 
3 I m 


mG imU3i) 
n: n* 


6 


39 611 

4-m 

39 133 
S; 6.0£4 


■u (m>8i) 

• p 

103 604 


mdi (m*i)i) 

« 1 

101 404 

a; a" 

8; 8.088 


a; a* 

6; 8.191 

mpi (m»P.) 

189 091 

83 302 

mft (mVi) 

63 937 

a; a* 

•; 5.555 

S.443 

a; n* 

4; 8.990 

mp. (mVi) 

188 044 

83 026 

m/t (m*Pi) 

63 900 

a; n* 

8; 9.991 

S.449 

a; a* 

4; 9.991 

"»pi (m*Pi) 

184 011 

81 802 

mfi (m*P4) 

63 802 

a: a* 

•; 5.5/7 

5.475 

a; a* 

4; 5.554 

fadi (m'Di) 


101 921 

mff (mKT) 

39 168 

0; a" 


• : 5.1/5 

a; a* 

8:6.000 

mdi (m'Da) 


101 716 



a; a* 


8; 9.118 




A, 


Sr / (7a* laa, aa®, 289, 267) 


* 

Terms: normal (*71); anomalous 


— 

ma (m>S*) 

a; n* 

mP (m»P,) 
a; a* 

mi> (miDi) 
a; n* 
mP (in>F0 

a; ‘ 


Singlet system 

1 I 2 I 3 ~| 

45 926.6 15 334.6 7 481.6 
8:1.545 £.676 S.890 

24 227.1 11 827.5 
8:J./S5 5.045 

25 776.3 
4: 5.055 


4 873.1 
4.746 
7 019.0 
9.969 
11 110.0 
9.149 
6 387.0 
(4) 4.146 


g 

3 329.6 

5.74/ 

4 753.5 
4.505 

6 192.4 
4.505 
4 406.0 
4.99t 


6 

2 412.8 

5.744 

3 463.4 

5.555 

4 003.7 
5.177 

8 086.8 
6.969 



ma (m>8«) 

**• 

mP (m*Pi) 

mD (m^Di) 

n* 

(m‘Pi) 

n* 

t lap . 648.1 


1 828.3 

7.747 

2 598.8 1 980.2 


5.455 7.455 


1 550.8 1 251.0 1 022.0 
5.555 9.966 10.969 


2 904.7 2 146.0 


5.145 7.169 


2 260.0 1 735.8 


6.969 


7.961 


1 370.0 1 106.9 913.0 

8.960 9.967 


765. 6t 


m 

m* im*8i) 
a: n* 
mp, (m»P§) 
a: n* 
mpt (m^Pt) 
a: a* 

"•Pi (la'Pi) 
a: a* 

■•51 (vi*i>i) 
a; a" 

"•5* (m*Di) 
a; a" 

"wli (m«Z>i) 
a: a* 
m/i (m»Pt) 
a; a" 
m/$ (m>Fi) 
8) a" 

(m*P0 
• ; "• 


Triplet system, normal terms 

I i 1 4 I 5“ 


16 886.8 
•t 9.649 
81 608.0 
8| 1.555 
81 421.1 
8: 1.869 
31026. 8 
8: 1.550 


8 500.0 
5.551 
12 100.8 
8.010 
12 068.4 
5.015 
11 963.6 

5.054 

27 766.0 
4: 1.988 
27 706.4 
4: 1.991 
27 606.0 
4: 1.994 


6 168.2 
4-510 
6 825.0 

4.101 

6 510.2 

4. 106 

6 479.1 
4.116 

10 018.3 
8.170 
10 008.8 
8.179 
10 880.5 
9.176 

7 174.6 
4; 8.911 
7 172.0 
4; 8.911 
7 170.2 
4: 8.919 


3 473.7 
6.690 


2 408.0 1 882.0 
6.699 7.688 


6 230.4 
4.i55 
6 234.5 
4. 196 
6 232.3 
4-500 
4 560.4 
4.906 
4.850.6 
4-505 
4 558.7 
4-505 


4 061.1 
6.197 
4 056.5 
6.900 
4 061.0 

5.504 

8 160.5 
6.899 
3 159.0 
,6.899 
8 147.6 
6.904 


2 858.7 
6.196 

3 855.1 
6.199 

2 850.6 
6,904 

2 114.5 

6.886 

3 813.6 

6.888 

3 30M 
6.906 


Sr /. Triplet system, normal terms. — (Continued) 



m$ {m*St) 
n* 

mdt (m^Dt) 
n* 

mdt (m*Dt) 


1 467.7 
8.647 

2 123.7 1 641.7 


7.155 8.176 


2 120.6 1 638.4 1 307.0 1 066.4 


md\ 

n* 

m/i (m*F<) 


7.154 5.154 5.155 10.14S\ 


2 116.4 1 634.0 1 300.3 1 060.5 881.5 


7. £01 


8.196 


9.19 


1 763.5 1 380.6 1 116.3 


10.179 

919.7 


709.6 651.2 


I 7.911\ 5.5/61 5.5501 

Triplet system, anomalous terms 

I 2 I 

I 10 731.8 

I 10 625.5 

I 10 260.7 


5.5. 


mp' (m*P') 

"»P, <"**^*|) 
mp' (m*P') 

t I4di - 638.0. 15di 


3 

1 399.8 
1 329.6 
1 196.9 


- 652.8 


St II (74, 75, 165, 244)^ Term values calculated from data (7®) 
and 4/-limit (®®); corrected to int. scale. .Spectrum analogous to 
that of Rb I. 


VM (m»5i) 
a; a* 
mpj (m*Pi) 
a; n* 
mpi (m*Pt) 
a; n* 

mdt (m*/>i) 
a; a* 
mdi (m*Z>i) 
a; a" 
m/ (mV) 
a ; n* 


: 1 t 2 I 3 [ 4 

88 854.741 118.2 23 891.1 15 614.8 
8:5.555 8.967 4.986 6.909 


66 130.5 

• : 5.5551 

64 338.0 

• : 9.611 


74 297.9 35 568.4 21 332.2 14 233.0 
4:5.45/ 8.618 4.686 6.669 

74 017.835 482.821 292.1 14 211. 7t 
4; 5.455 5.5/7 4.54/ 5.555 

27 862.6 17 798 12 314t 

4:5.555 4 966 6.970 


t For m - 7, mdi - 10 196, n* - 6.661; mf - 8998, n" - 6.986. 


Te Z « 62. Nt^ - 109 736.6. 

Te/ (tT7). 

Ti Z - 22. Nt\ " 109 736.9. 

Tl I (»o, 100. i®a, 144). 

Till (94, 194, 302). 

Tl/K(»a). 

T! Z * 81. Nrx « 109 736.8. 
Tl / (130, 222 ). Limits (7«). 

m 1 2 i 3 I 


ttu (rni^i) 22 786.7 10 518.3 

a:n" 1; 9.196 8.980 

mpt (mVi) 49 264.2 15 104.6 

n;n* 9; 1.499 9.696 

mpi (mVa) 41 471.5 14 103.4 

a;n« 6;/. 557 9.790 

m<i* 13 146.2 

a;ln* 9; 9.889 

mdi imWt) 13 064.3 

a:|a* 9i 9.898 

mf(m»F) 
a; a" 


4 


6 098.2 
4.545 

7 896.9 
5.755 

7 523.2 
5.5/5 
7 252.8 
5.555 
7 216.2 
9.900 
6 945.8 
f : 5.575 


g I 

S 968.2 
6.969 
4 883.3 

4.740 

4 701.7 
4.891 
4 591.6 

4.555 

4 571.5 
4-555 

4 440.7 

4.575 


2 808.9 2 
8.960 

3 324 . 9 2 

5.745 

3 220.6 2 

6.897 

3 165.8 2 
6.887 
3 153.9 2 

6.898 

2 


7 

085.0 

7.964 

410. 4t 

5.747 

847.1 
5.557 

314.1 
5.555 
306.4 
5.555 
244.9 
5.555 


m 

m« (mVi) 

a* 

mpi (mV.) 

a* 

fa4i (ta'i).) 


1 610.2] 1 282.3] I 040.0 


11 

865.3 


5.555 9.961 


1 786.2 1 416 


7.555 8.809 


10.979 
1 135 
5.555 


730.6 626.01 


933 


805 


1 760.1 1 385.9 1 120.8 923.5 774.6 669.011 


a" I 7.555] 5.555] 5.557] 

t Spa - 1 821.0. a* « 7.755. 

I a from (i*^). 

I 14t • 530.6. 

I 14di « 566.7, lOdi » 491.9. 

V Z - 23. -Vv - 109 735.9 

V I (18| 80, 83, 100, IBS, ISO, ISB) 

V// (189, 194). 

V /// (98). 

V IV (98). 
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W ^ = 74. Nw = 109 736.8. 

W I (>S 8 , 159). 

Yt Z = 39. Ny, = 109 736.4. 
Yt I (186, 193, 198), 

Yt // (193, 237). 

Yt III (32). 


m 

2 

3 

m 

3 

1 4 

m* (m*Si) 

157 822.9 

1 78 572.6 

mdi (m*Di) 

165 289.2 

70 910.4 

q; n* 

f; 0.500 

3.646 

q; n* 

4; 0.444 

3.504 

mpi (m*Pi) 
n; n* 
mpi (m*Pi) 
n; n* 

123 888.7 
f; 0.000 
122 335.0 

f; 0.040 


widi (m^Di) 

n; n® 
m/ (m*P) 
n ; n* 

164 566.6 
4; 0.450 

76 711.4 
3.500 
64 200.0 
4; 3.916 


Zn Z = 30. = 109 736.2. 

Zn / (90, 128 , 131, 222 , 223, 225, 227, 259, 264, 276, 277 , 326 ) 
Terms (^6, *74). Not much difference between value of 2P- 
limits used here and those of Fues (90) ^hen corrected to int. 
scale. 


Singlet system 


"» 1 1 2 1 3 4 6 6 

mS (m'So) 
n ; n* 
mP (m>Pi) 
n ; n* 

mD (m*Df) 
n ; n* 

75 766.8 

4 ; / . 004 

19 978.7 

0.343 

29 021.7 
4; / .044 

9 729.5 
3.368 

12 857.9 
$.9$1 

13 308.6 
4; 0.07/ 

5 763.7 
4.363 
7 160.6 
3.914 
7 428.0 
3.843 

3 812.5 
6.366 

4 559. 1 
4-906 

4 719.2 
4 000 

2 709.4 
6.364 

3 141. 7t 
6.910 

(3 276) 
6.788 


Triplet system 

r 2 I 3 I 4 s' \ 6 i 7 


m$ (m*Si) 

22 094.4 

10 334.4 

6 019.7 

3 943.2 

2 780.6 

2 068.2 

n; n* 

i; 0.000 

3 . $69 

4 • 000 

5.070 

0.$8I 

7. $86 

mpj (m»Po) 

43 455 0 

14 510.4 

7 695.8 

4 789.2 

3 270.2 

2 375.9 

n ; n* 

4; 1.680 

0.740 

3.776 

4.787 

5.703 

6.796 

mpi (m»Pi) 

43 265.0 

14 492.7 

7 686.0 

4 784.5 

3 267 6 

2 374.0 

D ; D* 

4; 169$ 

0.750 

3.779 

4 . 790 

5.705 

6.799 

mpi (m*Pi) 

42 676.3 

14 436.5 

7 604.9 

4 774.2 

3 202 0 

2 370 3 

n; n* 

4; 1.699 

$.767 

3.783 

4-705 

6.800 

0.005 

mdj (m*Di) 


12 997.6 

7 187.0 




n; n* 

1 


4; 0.005 

3.908 




md» (m*Di) 


12 904.2 

7 185 9 




n ; n* 


i; $.906 

3.908 




mdi (m*Di) 

1 

1 

12 988.7 

7 183.9 

4 653 . 1 

3 139.0 

2 295.6 

n ; n* 


4 ; 0 . 000 

3 . 0O0i 

4 909 

6.91$ 

0 . 0/4 

m/ {ra*F) 

1 


6 031.3 

(4 442 3) 



n ; n* 


1 

4; 3.079 

4-971 




m 

8 

1 9 

10 

11 

1 12 

13 

m8 

n* 

mdt (m^Di) 

1 597.6 

0.000 
1 751.0 
7.917 

1 270.8 
0 $93 
1 380.1 

0 0/7 

1 114.4 

0.003 

1 

917.0 

772.6 

6.j4 . 4 


\ I'or m - 7, rnP - 2 298.2, n* - e.Otl-, for m - 8 , mP - 1 755 . 6 , . 

: :k}7. 


Zn 11 (261). Spectrum analogous to that of Cu 7. 

4 


m 

1 

2 

3 

4 

6 

0 

ms (m*3i) 

144 800.2 

56 454.4 

30 393.0 

19 011.6 

13 014.2 

0 468. 1 

D ; n* 

4; 1.74/ 

0.700 

3.800 

4-805 

6.808 

0 . 809 

mpj (m*Pi) 


96 410.1 

43 525.4 

25 002 4 



n ; a* 


4; 0. 134 

3.176 

4-100 



mpi (m*Pi) 


95 536.6 

43 280.3 

24 931 6 

16 210.0 


n ; n* 


4; $.143 

3. 186 

4 / 96 

6 . tot 


mdj (m»D2) 

1 



79 450. Of 

47 982.2 

26 022.4 

17 261.3 

n ; n* 



4; 0.350 

3.005 

4 038 

6 . 04 s 

mdi (m^Di) ' 



82 169 Ot 

47 931.4 

26 898.2 

17 248.3 

n ; ri* 



4; 0 3// 

3 . 026 

4.040 

6.045 

m/i (m*Ft) 





17 081 . 1 

12 287.3 

n ; n* 


1 



8 ; 4 . 983 

6.977 

m/i (m’FO 

* 

< 

1 


27 628.0 

17 691.7 

12 262.1 

n ; a* 


! 


4 ; 3 . 00^ 

4-981 

6.985 

mg 

1 





12 207.3 

n; e* 1 





4 ; 5 996 


f \ .Inc of f.» ahow thc*e do not belong to md-ntries. These and aome of the 


Zn II. — (Continued) 


m 

7 

1 8 

9 

1 « 

r~r- 

1 8 

mdt (m*Dj) 

12 010.2 

8 839.0 

(6 777.0) 

mfx (m»P4) 


6 885.1 

n* 

6.046 

7.047 

8.048 


8.98$ 

7.986 

mdi (m*Dj) 

12 003.0 

8 834.5 

6 773.8 

mg (fii®(7) 

8 068.1 


n* 

0.047 

7.040 

8.060 

»• 

8.996 


m/i (m*Pi) 

8 999.2 

1 





n* 

0.004 

1 





Zn III ( 161 ). 





Zt Z = 40. Nzr = 109 736.4, 

Zr 7(1^3). 

Zr 77 and Zr III (*45). 

Zr IV (32). 


m 

1 2 

1 m 

1 3 

1 4 

ms (m>Si) 

238 545.9 

mdt (m’Di) 



0 ; a* 

mp» (m*Pi) 

f; $.71$ 
194 827.4 

a; n* 

mdi (m>Di) 

4; 0.507 
276 553.3 


n; a* 
mpi (m»Pt) 
n; n* 

f; $.00$ 
192 344.4 
8; 3.00/ 

a; »• 
mf (m>P) 

' a; n* 

4; 0.503 

117 725.0 
4; 0.000 
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INTERNATIONAL CRITICAL TABLES 


STRUCTURES OF THE OPTICAL SPECTRA OF ATOMS 

W. F. Meggers 


(For compilation of our knowledge in 1922 of regularities in 
line spectra, see (3®» i®®); for atomic structure and its relation 

to spectra, see Vol. I, p. 47, and Emission of X-rays, Vol. VI; 
for term values for series in atomic spectra, see p. 392; for structure 
of band spectra of compounds, see p. 409.) 

The most important features of any optical system may be 
represented by the values of two quantum numbers I and r; I 
indicating the type of term corresponding to the lowest atomic 
energy (normal or unexcited state), and r the maximum multi- 


plicity of sub-Ievelfl occurring in the spectral terms. The types 
commonly denoted by P, Z), F, . . . correspond to f « 0, 
2, 3, 4, . . In the following table are given all the values of I 

and r which are now (February, 1928) definitely known. Pre- 
sented for' spectra of atoms in the order of increasing atomic 
number (Z)^ these data illustrate the cUleryuition &nd dispiacemerU 

laws of spectroscopy as well as periodic regularities in the values of 
I and r. 


Table 1. Values of the Quantum Numbers (1, r) for the Optical Spectra of Atoms 

. . ^ 7^ number, values of I and r are given in the form r* for the spectra of normal atoms (/) and of atoms in successive stages 

7, TrcH"!" c/' ^^1 or. ■ ^ energy (normal state). There are no dataforZ * 43, 69 to 

* inclusive. The sources from which the data were obtained are indicated in the paragraph following the 

tabic, 1 he fiVmholfl of thp plpmpnf.Q am fK 
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1 / 

1 II 

III 

1 IV 

1 V 
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2 

1 
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He 

1, 3® 

2 
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Li 

2® 

3(?) 
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Be 

3® 

2 
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B 

2® 

1®, 3 

2® 
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C 

1,3 

2', 4 

3 

2 



7 . 

N , 

2, 4 

1, 3 

2 

3 



8* 

0 

3*, 5 

2 

3, 5 

2 
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2,4 

3, 5 

2 

3 



10 

Ne 

1®, 3 

2, 4 





11 

Na 

2® 

t 





12 

Mg 

1®, 3 

2® 





13 

A1 

2* 

1®, 3 

2® 




14 

Si 

1, 3* 

2\ 4 

1®, 3 

2® 



16 
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' 2, 4 
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2 


16 
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31, 6 
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17 

Cl 
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2, 4 
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2,4 


18 
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1®, 3 






19 
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1, 3 





20 

Ca 

1®, 3 
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21 

Sc 
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L3* 

2» 




22 

Ti 

1, 3*. 5 
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2* 



23 
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2, 4«, 6 

3, 5* 
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27 
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Cu 
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Ga 
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Br 
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Rb 

Sr 
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Mo 

Ru 

Rh 
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4 , 6 «, 8 
3, 5», 7 
2, 4*, 6 
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< 6 
6, 7® 

3, 6« 
4*, 6 
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4, 6» 
3, 6 
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4, 6® 


5 
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47 

48 
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60 
51 
62* 
53 
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65 

66 

67 

68 
74 

76 

77 

78 

79 

80 
81 
82 
83 
88 


I 7 I 7/ \ III JV\ V 


Ag 
Cd 
In 
Sn 
Sb 
Te 
I 

Xe 
Cs 
Ba 
La 
Ce 
W 
Os 
It 
Pt 
Au 

Hg 
T1 
Pb 
Bi 
Ra 


2 ® 
1®, 3 
2 * 

1, 3> 

2, 4® 
1,3 

2 

t 

2 ® 
1®, 3 
2*, 4 

5», 7 

t 
t 

1,3 
2 ® 

1®, 3 
2 * 

1,3* 

2, 4® 


1,3 

2 ® 

3 

2 


t 

2 

1, 3» 


2 ® 


2* 


2 ® 


2 

3 


t St literature reference In next p&recraph. 
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A„ / (42, 121, 149). Ag47 I (43, 69, 129)^ // (7,106,1*7). 

Al„ I (43. 69. 129)^ // and III (>27, 181 ). As,, / (>6o, 107, 134 ), 
Aurt / (^®» »®, 12», 170). Bs I (43, 129)^ // ( 20 , 21 , 182 )^ /// 

(17, 182). Ba„ 7 (43, 89, 88, 129, 144)^ // (43, 69, 129). / 

(23, 43, 129), // (23). Bi„ / (83, 1 71 . 1 72). Br„ 7(173). C, 
/ (43, 49.8, 129), // (14, 17. 20, 123), /// (20, 21), JV (17). Ca» 

I «»t *»» 1*»» 1^^), II (^3, 69; 129, 149.8). Cb4, 7 (>09), // 
(IK). Cd„ 7 (43, 69, 129. 133), // (43. 69. 129, 146). (>„ jy 

(3®). Cin I (38, 73, 173); // (16, 72, 128); ///, jy^ and V (1«). 

Coi, 7 (»»i 110 , 138), // ( 120 ). Crj 4 7 (33, 86), // (64. 118 ), 

777 (33), V (84), yj ( 81 , 82 ). Cs,, 7 (43, 69, 129), // (189). 

CUm 7 («i 43, 69, 139, 184, 162), // (168), F, / (26, 27, 38, 39), 

77 (14, 37), /// and 7V (14). Fe« 7 (“•» »«i »ii los, lao, 123. i, 
178), 77 (137). Ga,i 7 (43. 89, 129, 174), // (131), /// ( 31 , 87, 
130, iiys). Ge„ 7 (*•), 7F (3i). Ql, see Be. H, 7 (8*. 

>»»t 184). He, 7 (31| 43, 69, 78, 93, 129), // (43, 69, 129). Hgte 
7 (13, 41, 69, lot, 129, 180), // (31, 43, 69, 129). I„ / (173). 
Ino 7 (43, 69, 129, 174), // (131), /// (31, 86, 67, 130, 131.8). 


Ittt 7 (117). K,.7 (43, 69, 129), fl (18, 37, 37). Kt.i 7 («■» 

77 (77). La„ / (111,113), 77 (81.113,113), 777 (3®). J 
(43, 89, 129), // (183, 188, 177). Mgn 7 and 77 
Mn« 7 (1, 33,43, 89, 97, 129, 183, 160), 77 (I, 33, ®7, 133, I* ), 
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7 (43,69, 70,71, 89, 139), // (14, 46,49,141), 777 

7K (14. 17, *0), y and F7 (»»). Osr. 7 (117). Pi. 7 (>47^ ), 
II (18), III (18. 134, 149), 7r(30, 148), y (19). Pb.. 7 (»» ®®* » 

165, 169, 179), 77 (17), 7F (31). Pd4. 7 (». 1®» 1®* ^ 

(1®3). Ptr. / (®«. *17). Raw 77 (43, 89, 111 ). Rblr ^ / 

13®). 77 (1*3). Rhi. 7 (114, 117, 160, 183). Ru*. 7 ' 

1«1). 8,4 7 (30, 43. 89. 70, 73, 139). Sb., 7 (1®®- ^ ^ ^ 

8c„ 7and77 (Ki), 777 (»i» •». *••). SeM7 (4»» •*» 7®, l®** * h 

81.4 7 ( 43 , 43 , 76, 139), jj (19,137), 777 and IV (48). S®- ^ 

(4, 62, 64, 169, 191), 77 (129), J/f (111), 7F (**t * 

130, 131.9). SfM 7 (43, 99, 93 , 139, 144), /J ( 43 , 99, 129). Te.. / 
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( 101 ), VI («•). Tin / (»». «a. MO), // ( 136 , ISO), /// ( 142 ), jv 

(Bl, 52 , 142 ). Till I («. «». MO, 133 ), /// ( 31 ). V„ / (M. M 6 , 
128 , 139 ), // ( 110 ), /// ( 55 ), /F ( 84 ), V fS*. 52 ). W74 / (M, 40 . 

• 0 ). Xew / (M 2 ). Yt.* / ( 114 , 118 , 110 ), // ( 114 . 110 ), III 
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INTRODUCTION 

epectmscopiata it u cuatomary to use in place of the 

the “wave-number- t.6., the number of 

froaii«ii«,r^*'* ^ vacuum. As a matter of convenience, a 

^ y so mdicated b often referred to aa the “frequency in 

• Rosulu prior to Doo., 1927 . 


cm“* units.” Furthermore, on the quantum theory, certain 
quantities, such as a spectral line, are associated with both definite 
frequencies and definite amounts of energy, the numerical ratio 
of the energy to the frequency being the same in all cases. Hence 
it b often very convenient to express both the energy and the 
frequency by the same numerical magnitude, and for this the 
wave-number (in cm”*) b always used. Throughout tliis report, 
in the symbolic expressions as well as in the tables, all quantities of 
the nature of either frequency or energy are expressed in mich 
cm'* units. The multiplication of such values by c ( -2.99796 X 
10 >« cm sec”*) gives the true frequencies (in sec”*), and by he 
(«» 1.9658 X 10”*4 erg cm) gives the true energies (in ergs). 

From spectral data it is possible to evaluate a set of energy 
leveb for molecules, as well os for atoms. Certain relatively 
widely spaced levels in molecules seem to correspond to those 
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known for atoms, and hence are similarly designated and are said 
to be related to the electronic configuration. A transition from 
one, often multiple, electronic configuration to another gives rise 
to an entire system of bands. Each type of transition is corre- 
lated with bands of a definite structure. For details, see 

In addition to these levels of atomic type, diatomic molecules 
have two other sets of levels. One corresponds to the mutual 
vibration, and the other to the mutual rotation, of the two nuclei. 
To each electronic level corresponds a distinct set of vibrational 
levels. To a first approximation, the energy corresponding to 
the level of each member of such a set above the associated 
electronic level is obtained by giving successive positive integral 
values to n in the expression n(a?o — <t)oxn -{- . , . ); x is a posi- 
tive constant. The frequency (a») of vibration is obtained by 
differentiating this with respect to n; = wo(l — 2xn +...)• 
It varies with n; at the lowest level, that at which the amplitude 
and energy of vibration are vanishingly small, n = 0 and o) — wo. 
A transition from one vibrational level to another gives rise to a 
single band. 

As w is the derivative with respect to n of the expression for 

ojdn, 


where no is the value of n for which w = 0. Hence, if the bands 
can be experimentally followed to w = 0, D can be determined 
from spectroscopic data. Usually this cannot be done, but Birge 
and Sponer (®) have found that, for the normal state of certain 
types of molecules, fairly trustworthy values of D can be obtained 
by assuming w « a>o(l — 2 xt 0 throughout the range n = 0 to 
n = n©; then D * «5/4<uor. It seems that whenever an excited 
molecule is dissociated, one of the resulting atoms is also excited. 
If the amount of this excitation is known, it is possible to derive 
the value (/>") of D for the normal molecule from that ip') of 
the excited level (see Table 3). 

To each vibrational level corresponds a distinct set of rotational 
levels. These account for the individual lines of a band. To a 
first approximation, the rotational energy, relative to the vibra- 
tional level, is Bm*(l — mhi* +.».); m is a function of the 
quantum number j, but, in general, is not quantized; for zero 
rotation, m = 0. Usually BI *= h/8T*c *= 27.70 X 10““ g cm, 
where I ~ moment of inertia of the molecule about an axis 
through its center of mass and perpendicular to the line joining 
its nuclei, B and 7 vary with the vibrational energy, and become 
Bo and 7© when that is zero; the corresponding nuclear separation 
is r© = y/lolti, where ^ =» m©mimt/(mi -f m*). For multiple 
levels, like *R, B©7© is not given acexurately by h/8x*c; see (22, 3i), 

If 7© > /© the band is degraded towards the red. As the 
vibrational energy increases, the direction of degradation of the 
bands of a system may reverse. 

The relative positions of the energy levels of a molecule may be 
unambiguously determined from its band spectra, but the interpre- 
tation of these levels depends on theory. The new 1926 me- 
chanics (N. M.) of Heisenberg and SchrOdinger, and the old 
(191S-1926) quantum mechanics (O. M.) differ as regards the 
position of the true electronic level with reference to the observed 
lowest level of a given set of vibrational and rotational levels. 
Hence, in general, the derived constants also differ. All data in 
the following tables refer to O. M.; they may be converted to 
N. M. by the following relations, in which symbols referring to 

N. M. are indicated by a bar over them: 7© = 7©(1 -h u*/2) X 
(1 — a/2Bo), f© = ro(l -b U*/4)(l — a/4Bo), u© « <*>©(1 -f- x) 
(I — a/4tao); wSb * «oX, — r. -f s” — s' where s = 0.5«o(l 4- 

O . 5 ®). 

These transformation equations are based on the Bj(j 4^ 1) 
form of the rotational energy, in the N. M. Further refinements 
seem to indicate that the true form is Bij + }/i)\ and in that case 
the'tsetors containing u*/2, u’/4, and should be omitted. 


The value of a is known for only a few 83r8t6m8 (for CN, NO, 
and AlO, o/B© = 0.01; for Hi, a/B© =■ 0.04), and is not given in 
the following tables; it is positive, and a/2Bo is of the order of 
0.01; X is of the same order; neither is negligible; u*/2 ti/4u$ 
are of the order of 10“^ to 10“® and are negligible. 

A full account of the quantum analysis of molecular speutra 
(O. M.) is given in (t); previous tables of constants derived from 
band spectra 36, S7, 38)j complete bibliography (*•> *■•*). 

The O. M. is used consistently in (*«) and, excepting BO bands, in 
(1), and is normally used in (37, 36)^ but occasionally in these, 
N. M. values given by the original investigators are inadvertently 
copied. 

SYMBOLS AND CONSTANTS 

(The values used for h, c, and especially R differ from those given 

in Vol. I); see Introduction regarding units. 

B A quantity, of the nature of (length)^^ related to the 
moment of inertia of the molecule in such a way that 
the rotational energy, relative to the vibrational level, 
is given to the first approximation by Bm*(l — mhi* 
4- • . • It varied with the vibrational energy; 
B ^ Bo - ccn. UsuaUy BI = h/8r*c - 27.70 X 10"“ 
g cm. 

B© Value of B when vibrational and rotatioiial enoigiee are 
each zero. For multiple levels like B*7o ^ h/8ir*c 

(22. 31). 

c Velocity of light in vacuo; c 2.99796 X 10“ cm/see. 

D Heat of dissociation of the .molecule. 

D'j D” Value of D for upper state, for lower (in Table 3, normal) 

state, of molecule. 

B, Wave-number o elevation of electronic energy above 
normal level. (In line spectra, the corresponding 
quantity is so defined as to indicate the depression of a 
given level below ionisation.) 

e Electronic charge; e = 4.774 X 10~“ cgs electrostatic 
unit. 

e/hc The reciprocal of the potential difference that corre- 
sponds to the transition that gives rise to radiation of 
wave-length X is eX/hc; e/hc ^ 2.428 X 10* cgse *■ 
8lOo volt“‘ cm“*. 

h Planck's constant of action; h = 6.567 X 10"*^ erg sec. 

7 Moment of inertia of the molecule about the line through 
its center of and perpendicular to the line joining 
its two nuclei. 

7© Value of 7 when vibrational and rotational enei^es are 


zero. 

/q, Iq Value of 7© for upper state, for lower state, of molecule^ 
m A parameter in the approximate expression, Bw* 
(1— m*u* 4" . . . ), giving the rotational energy 
relative to vibrational level. It is a function of 
the quantum number correlated with the resultant 
angular momentum of the molecule, but, in general, 
is not quantized. 

m© Mass of atom of unit atomic weight; m© mH/1.0077 * 
1.650 X 10-« g. 

mn Mass of atom of hydrogen; me =* 1.663 X 10"*^ g* 

1714 m. Atomic weights of the two atoms composing the molecule, 
n A positive and integral parameter in the equatio^ 
expressing the vibrational frequency, w — «t(l *“ 

4- . . . ), and the vibrational energy, «(«» " 

-H . - . ), relative to the electronic loveL 

N. M. New mechanics (1926- ) of Heisenberg and 

Schrodinger. 

O. M. Old quantum mechanics (1918-1926). 

R Rydberg’s wave-number » 109 678.3 cm"*. 

Continued on p. ^17 
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SYMBOLS AND CONSTANTS. — from p. j^lO) 

R Spectral band is degraded towards the red, and usually 
has sharp head on ^olet side. For such bands. 

/; > c 

r Nuclear separation of the two atoms. 

fo Value of r when vibrational and rotational energies are 
lero; r© = VTiT^- 

u Symbol for 2R(i/a)©. 

V Spectral band is degraded towards the violet, and usually 
has sharp head on red side. For such bands, l[ < /J'. 

X A positive constant in equations for vibrational frequency 
and energy; n. 

a A positive constant in R = Bo — ctn. 

X Wave-length in vacuo. (Either actual or, as in fre- 
quency limits, virtual.) 

M Symbol for mm\mt/{mi m*). 

9 Frequency, or term value, serving to specify an energy 
level. 

u A quantity that is experimentally the frequency of a 
certain line in a certain band, called the “origin of the 
band system," and is theoretically the spacing of two 
electronic energy levels. 

« Frequency of vibration of the molecule; w « o>q(1 — 2xn 

• • • ). 

wd Value of « when energies of vibration and rotation are 
vanishingly small. 

^ Signifies equivalent to, or corresponding to. 


lABL* 2 .— Electronic Energy Levels or Multiple Level 

Molecules 

In m^t molecules only a few electronic levels are known, and 
t^ir relitiVe positions can be readily deduced from Table 1, the 
^brational and rotational constants being, within limit of error, 
the sa^ for each of the correlated systems of bands. Data. for 
moro mvolved cases are given below.. The value of VbA « 
paiculaW from ionisation potential, if known. In column 1 is 

designation, if any. of the level Symbols, p. 
410 Table 1. See p. 409. Unit of E., and ...* = 1 cm-. 

* r E. o .1.966, X IQ-w erg, for u, and uoi o 2.99796 X 10‘» 
vibration aec--; of /. _ lo-o g ..n,,. „ jq., 




C 

23 621.8 
23 647.6 
42 866.2 




1 878.7 


B»io (»4)* 

I 11.71 I 


Type j v^/i 


1 248.6 


A /20. 

•® . \ 19. 


.16.68 1.2074 
20.03 1.3647 


O 

r 


0 

48 600| 
68 927 
64 766 
83 826 
86 930 
21 023 
02 003 
02 928 
00 780 
106 266 
114 066 


1 270.2 I 10.07’ I 
CO (»•);«/. (*)t 


19.62 1.3606 

18.63 1.3126 


*5 

*Pt 

*Px 

>S 


2 164.7 
1 724.8 
1 166 
1 409.6 


12.70 

14:6 

0 

17.24 


2 132 


1014 


(2214) 

I 60 

(3133) 

I 

(2134) 

ll08 


17.31 1.236 


14.26 1.122 


2107 


0 

20 346 
20 471.6 
46 637.7 




2107 


16.17 

CO* (>) 
16.17 


14.06 1.11 


»iSr 0.9767 
•P 1.2846t 
1..3900 
1.4781 
•5 1.8767 
*5 1.9778 
*fl(r) 2.1817 
*S(r> 2.1898 
2.2306 
3.6830 
».3626 


CO* 


14.06 ll.ll 


1660.46 14.07+ 17.7(7) 1.26(T) 


1697.8 


0 

00 083 

04 736| 
04 906.7 
06 469| 


4262 

1826 

2300 

2693.82 


24.33 

Ht (») 
113.6 
16.9 
73 

68.41 


16.4 1.17 


•a 

('Pt 

*a 


0.480 0.76 
1.90 1.66 
•0.78 0.97 
0.066 1.08 


VS 0.0396 
2*8 1 . 7020 

2*P 1.0281II 
2»S 1 . 9337 

2*P 1^95260 


09 

111 
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111 
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117 

119 

121 
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618.1 
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169.9 
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130.2 
061.0 

408.3 
237 


164 287.2 
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184 695.71 


185 794.5 
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191 064.6 


191 480.2 
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103 876 
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194 140.5 


195 467.2 


105 505.6 


196 304.1 


I 196 844.0 


107 213.6 

197 476.2 

198 680 


0 

66 260tt 

68 057.0 
76 778.6 

103 671.7 

104 416.6 

105 431.7 
119 996.6 
136 890 


O 

121 

44 193 

46 486.12 

45 616.58 
62 260 

63 271 
76 140 
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3*D^ 3.013 
'4*8m b.818 


VPm 3.928 


4*P, 3.965 


518;. 4.812 


6*Pm 4.928 


6>P« U.e66 


6*Pm 5.927 


6iP« 5.964 


7*Pm 6.928 


8*Pm 7.928 


9iP» 8.930 
lOip. 9.928 
Hea* <0 


0.895 

1.246 

1.271 

1.340 

1.817 

1.838 

1.867 

2.548 


Ni 


h- 


60 1.418 


/•Pi 1.20020 
I ‘Pa 1.20116 
•8 I . 85287 
/»Pi 1.89154 
\ ‘Pa 1 . 89246 
2.143 
2.190 
NO* • 


• In terma of O. M., the orfain and nuclear aeparationa are not the name for 
each iaotope; note that here they have epaentiaUy the aame r$ but different 7n. 
For raluea in N. M., tee (>). 

t The upper level (c) of the.BA-banda at 92 003 ia apparently different from 
the abaorpUon level (C) at 01 923. Set ateo Table 1, notea. 
t At ieaat Mold, ranginc from 1.2840 to 1.2849. 

I At Ieaat Mold, ranging from 48 438 to 48 534. 

B Calculated levela. 

T All absolute valuee of S, for Hea are extremely uncertain, being baaed on 
the extremely doubtful aadgnment of the XeOOband to 1*8. - 2*8,, 

** lotiiaation potential aaaumed -• *16.9 volt, 
ft Aaaumed on baaia of 8.18 volt (•) aa eorreeted by («>•»). 
tt Aaaumed loniaation potential « 0.4 volt. 
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Table 3. — Heats op DiafeociAxioN 

ly t ly* — heat of dissociation of excited, of normal, molecule, as 
derived from spectroscopic data {see p. 410); many of the values 
have been recalculated by Birge fr6m the original data. D** = 
value based in whole or in part on* chemical data. Probable error 
is often great. Eiach numerical value is the number of volts 
through which a single electron must run in order to acquire an 
amount of energy that is equal to the corresponding heat of dissoci- 
ation. Unit = 8100 cm”' per molecule o 1 electron volt per 
molecule = 2.306 X 10*g-caluper g-mole. 



IT 1 

D" 

1 d’: 

A«Br(»») 


2.3* 

2.6 

A«I(>») 


2.34* 

2.0 

Br,(S3) 

0.887 

1.96* 

2.0 

c,(?)t 


1 7.0 


CN 


9.6 


CO(«) 


11.2 

10.8 

CO+(*) 

1 

1 

9.8 


Cl.(»a) 

0.233 

2. 64* 

2.47 

C8l(»^. ^») 


3.25* 

3.34 

H.(»,»3) 


4.42 

4.2 

h:(») 


2.6 




1 


2.9 

3.0 

HgH 


0.4 


!.(*) 

0.647 

1.532* 

1.6 

IC1(»7.8) 

0.30 

2.20* 

2.20 

K.0») 

0.67 

0.89*- 


KBr(i4) 


3.9* 


KCl(i<) 


4.6* 


Kl(>«) 

1 

3.26* 


N,(®, ^») 


11 7 

11.4 

n:(») 


9 


NO(«) 


7.9 

8 3 

Na,(38)t 

0.67 

0.98* 


NaBr(»<) 


3.9 


Nal(»<. ^») 


<3.2 

3.0 



ly 

D" 

D': 

0,(«) 

1 

0.9611 

7.02* 

6.5 

Of(6) 


6.5 




0.97 

4.9 


Se.(««) 

0.44 

3.6(?) 


Te.(44) 

0.42 

2.8(?) 

1 


* Deduced from D\ $ee p. 410. 
t Carrier of Swan bands. 
t Green bands. See aUo ('*). 

Q Schumann-Runse bands. Value of D* correcta an error in (*)• 
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MAGNETIC RESOLUTION OF SPECTRAL LINES 

P. Zeeman 


mTRODUCnON 

Symbols used exclusively in the table are explained there; those 
used in the introduction are as follows, X, c, e, h, mo having their 
usual significance (Vol. I, p. 16): 

P Wave-number corresponding to X, p 1/x, 
w Designates components with electric vector parallel to H. 
In other connections, it has its usual significance, t 
= 3.14159. 

9 Designates components other than r-components. 

E Energy level, or term. 
g Land^’s splitting factor. 

H Magnetic field intensity. 
j Inner quantum number. 
k Azimuthal quantum number. 

I Azimuthal quantum number, I k — 1. 
m Magnetic quantum number, 
n Total (principal) quantum number. 

N Rydberg’s series constant. ^ 

o Normal resolution by magnetic field, o « eH/iremt,; o/H 
4.695 X 10”‘ cm”' per gauss. 

R Term multiplicity, 
r Rotational quantum number. 


In Bohr’s theory (**), p •* (Ei — Ei)/h, where Ei and Ei are 
the energy levels of two stationary states. An energy level in an 
atom is called a term. For a neutral atom, a term sequence is 
approximately given by N/{n + o)*, where N is characteristic of 
the atom, a is an empirical constant, and n *= 1, 2, 3 . . • 

According to the vector atomic model (®®» **** ' 

186, 219, 231, 238, 239) and the assumption that the momento of 

momentum of all rotary motions within the atom are quantized, 
an energy state, or level, is defined by certain quantum numbers- 

1. The n in the term sequence. This was. given by Bohr and is 

related to the size of the electron orbit. . 

2. The azilnuthal quantum number (k) is related to the shs^ ® 
the orbit, and is the moment of momentum of the individual 
electron in its orbit. If the atom contains more than one electron, 
the total orbital moment of momentum of the entire group is 
quantized vector sum of the individual orbital moments. 

Recently, k has been replaced by Z » k —.1, and the vector sum 
of the Va is quantized and denoted by L. Terms corresponding 
Z « 0, 1, 2 are denoted by 5, P, D, respectively, and the corre- 
sponding orbits by s, p, d. 

.3. The moment of momentum of the spin of each electron on i 
axis is also quantized and gives the quantum number r, the uni 
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quantum being H (h/2T). It is sjupposed that all electrons within 
an atom spin in the same plane» but not in the same sense. The 
resultant moment of momentum of the spin of all the electrons is 
denoted by B, The maximum term multiplicity is 2E -f 1. 

4. The total moment of momentum of the whole atom Ib J = 
L + E. Tlus is the inner quantum number j of Sommerfeld. 

The number of electrons in each orbit defines the configuration 
of the atom and is indicated thus 8*p*d, if there are 2 electrons each 
in ^e and p^rbits^ and one in the d-orbit. 

From these quantization rules and Pauli’s selection rules, it 
is possible to predict the spectral structure which corresponds to 
a given configuration of the atom (*<>®i *0i). xhe general term 
symbol is a group of the quantum numbers written in the form 
where k is commonl> replaced by the S, P, D notation, 
already defined, and whenever j is an odd number of halves, it is 
replaced by j -f- The last is for typographical simplicity. 

Effect of Extenud Magnetic Field (2®*). 1. Normal Zeeman 

Bffed. — ^Zeeman (**b) discovered that a magnetic field (K) splits 
a line into polarized components. When viewed at rightr angles to 
H there are 3 components; the central one (x-oomponent) coincides 
with the unresolved line, and its electric vector is parallel to H; the 
outer .(<r) components are equidistant from the central one and their 
electric vectors are perpendicular to H, When viewed along H 
there are only two components; these are in the same positions as 
the x-oomponents, and are circularly polarized in opposite direc- 
tions. Various theoretical explanations have been given 
**** On the quantum theory the effect of a magnetic 

field on a spectral term E is AE = horn, or Ai^ = em, where, 
according to the vector model, the magnetic quantum number 
w is the projection of j upon the direction of /f, and o = 
•H/4rtmo is the normal resolution. In combination with the 
eelection rules and the polarization rule for m (Am — 0 for 

component, Am = ± 1 for <r-component) this gives an explanation 
of the normal Zeeman effect. 

^‘ Anomalous Zeeman Effect . — For large values of /f, all lines 
©X it the normal effect but in weaker fields most lines are 

epUt mto a greater number of components. This is known as the 
anomalous effwt, of which there are many types. The t5q)e is the 
s^e lines of a spectral series, and for analogous lines of 

a ms which exhibit the same spectral structure In every 

case he Zeeman pattern is quite symmetrical about the center, as 
.. . polarization, and intensity, and the distances differ 

e rom rational fractions of the normal resolution o 

effect may be symbolized thus: ±((1) (3) 5 

WJ/A, mdicating, in this case, that ideally the line is split into 10 

about the center and at distances 3^, 
ftr« fK* fi * ^ normal resolution o; that the x-components 

firo second, in ( ); and that the strongest components 

in th‘* ^ ®fl^i printed in bold-face. This symbolism is used 
fTAniiA comparison with observed distances, which are 

dee imnq ^ i^tional fractktns of o, the ratios are expressed 

theory of Land4 (17) {3 quite successful in 

fielH ** anomalous effect. On this theory, a magnetic 

neti«» a term into 1 magnetie sublevels having the mag- 
netic quantum numbers m - j, i l 1 _ 

“ anomalous and Ar - 'offm, where g, llnd^’s 

To u the spacing of the magnetic sublevels. 

ac<nrHnn • L ®^*^®tions best, g must be determined in 

With the matrix mechanics (»•), giving a = 1 -f- 

yor lV^: + 1). ^eTTable 1. 

theoretirjLl Zeeman effect deviates markedly from the 

formula TK *© determined, g having values not given by the 
They appear to depend upon two factors. 

•Daetnim ik ^ increasing atomic number, cmd for a given 

they Me u«mUy amaU for the lowest level and ino^ 


progressively as the level increases. In such cases it is supposed 
that the vector coupling is not normal ( 87 ). These terms are 
said to be anomalous. In several cases it is not possible to find 
the theoretical values of g for the individual terms, but Pauli 
( 185 ) has shown that in all cases the sum of the gf-values for aU 
terms of the same j of a particular configuration is the same as the 
sum of the theoretical p- values (principle of permanence of the 


Term Comhmai/on 
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%p,) 


'(S,Pt) 


(Pi 02) 


(Pz O 2 ) 


(PzD^ 


Vs, P,) 


'(Si Pi) 
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(PiO,) 
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'(fiOg) 
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Fig. 1. — Schematic representation of the t 3 rpea of regular resolution 
of spectral lines. Dotted lines are x-components. Unit of displace- 
ment is that of the a-components of the ^(SoPi) lines. 




,1 


P-8um). All these rules are empirical; for the heavier atome 
pcutures from them are poiwble and, when they occur, of 
portanoe in the interpretation of the mechamoa of the atom. 


* 
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Table 1. — Values of Land^’s Sputtinq Factob fj 

ff = 1 + UO ■ + 1) + r(r + 1) - fc(fc + 1)1/2 j0' + D 
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Table 2. — Bibliographic Index of Elements for Which the 

Zeeman Effect Has Been Investigated 
The atomic number is written as a subscript to the chemical 
symbol. (The following have not yet (Jan,, 1928) been investi- 
gated. Acsa, Asu, Cp 7 i, Csstt Oye«, Ems*, Erug, Eu« 3 , Gaji, Gdai, 
Ges 2 , Hf7j, Hoi7, Inat, Lu7i, Ma«, Ndw, Ntgg, Pu, Pa^i, Pogg, Pr»B, 
Rbi7, Rotj, Rdsb, Su, Saaj, Scaa, Ta7», Tbgg, Tcbi, Tueg, Ugi, Xegg, 
^ b?©.) 


A,g 

(30, 58, 132, 135, 136, 154) 


Ag47 

(21, 23, 154, 155, 199, 200, 216 

) 

Alu 

(184, 205, 216) 

AU79 

(1, 95, 136, 154, 155, 169, 194, 

199, 200) 

Bg 

(188) 

Bagg 

(5, 7, 8, 10, 160, 161, 189, 191, 

216, 220) 

Be* 

(10, 106, 107, 188) 

Bin 

(94, 137, 194, 199, 200, 240) 


Brig 

(30, 113, 206) 


Cg 

(68, 72, 154, 155, 205) 


Caso 

(12, 21, 106, 107, 158, 163, 178, 

, 179, 184, 

Cbg, 

(104, 105) 


Cdgg 

(2, 7, 8, 44, 65, 109, 137, 154, 

155, 158, 


190, 191, 198, 204, 205, 208, 
251, 252) 

210, 216, 

Cegg 

(121, 143) 


CllT 

(114) 


Co 17 

(88, 109, 220) 


Cri* 

(3, 5, 6, 7, 8, 56, 57, 61, 62, 76, 79, 95, 


Cu 


10 


F, 

Feu 


Gig 

Hi 

Hei 


U« 


io 


u 

IrtT 


198, 200, 202, 207, 261) 

(1, 10, 22. 61, 62, 95, 136, 154, 165, 165, 169, 191, 199, 200, 
216, 228, 251) 

(35, 36^ 

(2, 8, 6. 7, 21, 25, 26, 27, 55, 88, 95, 109, 116, 117, 118, 120, 
136, 152, 183, 154, 185, 172, 204, 205, 235, 249, 253, 254, 
260) 

(See Be) 

(30, 31, 45, 46, 47, 48, 49, 83, 54, 63, 66, 154, 158, 176, 183) 
(30, 50, 89, 90, 93, 132, 133, 134, 184, 155, 159, 164, 165, 
183, 201) 

(18, 19, 20, 30, 32, 77, 78, 83, 84, 85, 69, 90, 106, 107, 109, 

132, 133, 137, 138, 140, 142, 184, 188, 168, 166, 167, 170, 
171, 174, 178, 179, 208, 209, 211, 213, 214, 218, 216, 222, 
244, 247, 284, 281, 286, 287, 288, 380) 

(30, 138, 248) 


Kia 

Krjg 

Las7 

U, 

Mgi* 


Mnjs 

Mogj 

Nt 

Nan 


(197 




(S4, 163) 

(132, 133) 

(230) 

(13, 69, 110, 154, 185, 183, 356, 360) 

(1, 2, 12, 43, 44, 59, 106, 107, 154, 155, 158, 169, 178, 179, 
198, 204, 205, 208, 210, 21», 237) 

(5, 11, IS, 76, 135, 136, 164, 155, 187, 188, 191, 198, 200) 
(S, 41, 102, 103, 245) 

(9, 30, 45, 49, 62, 68, 71, 72, 73, 74, 165, 196) 

(10. 13. 44, 69, 70, 71, 73, 74, 120, 122, 132, 133, 164, 111, 

160, 183, 188, 191, 201, 308, 216, 221, 222, 246, 252, 266. 
360, 263) 

{See Cb) 

(14, 132, 133, 168, 168, 178, 201, 236) 

(6, 12, 21, 88, 1o9, 136, 173, 187, 208, 225, 235, 249) 

(47, 49, 78, 156, 180, 183) 

(160, 161) 

(IB, 94, 194, 199, 200) 

(21, 130, 131, 136, 187, 193, 198, 200) 

(97, 139, 151, 197, 200) 

(217) 

(193, 195, 200, 229) 

(150, 193, 195, 226, 127) 

(94, 194, 199, 200) 

( 86 ) 

(205) 

(16, 91, 02, 94, 154, IBS, 194, 199, 200, 261) 

(106, 107, 158, 163, 189, 216) 

(5, 44, 121, 122, 162) 

(5, 7, 8, 2 5, 115, 116, 117, 118, 198, 200, 218) 

(10, 154, 155, 208, 216, 240) 

(3, 4, 5, 6, 7, 120, 145, 197, 200) 

(5, 28, 57, 102, 103, 121, 233) 

(5, 160, 161, 189, 220) 

(2. 7, 44, 5 9, 65, 67, 73, 74, 109, 184, 158, 188, 177, 178, 179, 
184, 191, 198, 204, 208, 208, 210, 216, 221, 222, 232, 240, 
241, 242, S43, 249, 281) 

(160, 161) 

Table 3. — Zeeman Effeot for Cu, Mn, Mo, Ne, Pb, Rh, Sc, Sn, 

V, AND W 

For explanation of type notation, see p. 418. Unit of displace- 
ment is 0 = e///4xcmo; o/H = 0.04695 cm"* per kilogausa. B « 
broad; 2B*, 2Be = observed, calculated, overall breadth of the 
resolved line sum of the displacements of the extreme compo- 
nents; d, D a* diffuse, very diffuae; / ** displacement of strongest 
ff-component from undisturbed lino; gm[Qw\ *• value of g for the 
first [second] term named in the term combination given in the 
“Term" column; Int. =■ intensity; Qp «■ pseudoquartet; r, B, 

(in column Int.) = easily, very easily, reversed; r (in column 4) »■ 
completely resolved into all expected components; 8, 5 * sharpy 
very sharp; Sa = sharp inside, outside; T, Tp triplet, peeude^ 
triplet; Ts = sharp triplet; u> « weak, but all components coul 
be measured; W * very weak; Z, displacements of com- 
ponents as observed, as calculated; ir-oomponents (electric vector 
parallel to H) are in ( ); the displacement of the most intense 
member of each class (r, <r) is printed in bold face. Unit of A 
lA — 10~* cm; of displacement — 0.04696 cm"*/kiIogsus8. 

Cu» (2*»»*«); Int. and X (®^); Terms ( 12 *); term structure ( » 

223, 224, 228, 234)j references are give n in column 

Type 


Nbgi 

Neio 

Ni,g 

O, 

0376 

Pb„ 

Pdg6 

Pt78 

Rn«8 

Rhgg 

RU44 

Sbsi 

Scii 

Siu 

Sn6o 

Sfai 

Th„ 

Ti„ 

Tig, 

Vu 

W 74 

\ tsg 

Znjo 


Zr 


lot. 


Term* 


Co / 

8664.94 I *1/, - iDi | («) 1 

^ ( 0 . 00 ) 1.88 

(0.03) (0.09) (0.14) 1.29 1.34 1.40 1.46 1.61 167 
8362.68 I »Fi - | («••) I 

2* (6^) 2.16 
Z4 (0.89) (0.86) (1.43) 8.66 2.28 1.72 1.14 0.67 0.00 
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Int. 


8R 

200 


100 



Cliff — {Continued) 


Tenna 


Co (Canlifiuad) 


Type 


8202.55 */>; - ♦D* I (*••) 

5218.20 »Pf - »i)i I (•••> 

Z. (0.00) i.Ol 

Z, (0.0D (0.20) too 1.14 1.27 1.40 
5200.06 I *r% - *l>i I (*»•) I 
Z. (0.00) 0.78 


(ts*) Z« (0.00) 1.42; Z« (0.00) 1.43 

(•>•) 


Z. (0.00) 2.00 

Z. (OJW) (0.60) (1.00) t,U 2.08 1.63 1.23 0.83 0.43 
4767.5 I *D» ~ *1// I (**•) I Z» (0.00) 0.69; Z« (0.00) 0.80 


Itf 

4767.5 

«Di - *1// 

(tat) 


4704.60 

Vi - *Dt 

(tat) 


Z« (O.W) 1.42 

Z. (0.10) (0.29) (0.48) (0.6T) 0.76 0.95 1.14 t24 1.53 1.72 1.91 
4651.13 I «Fc - *D4 I (»•) I 

Z. (0.00) 1.30 

Z, (0.08) (0.14) (0.24) (0.33) 1.00 1.10 1.19 1.28 1.38 1.48 1.57 
4586.97 I *F4 - </>• I (»•) i 

Z. (0.00) 0.08 

Z, (0.07) (0.20) (0.33) 0.00 1.04 1.17 1.31 1.41 1.67 
4530.84 2*i»i - 8«5i (**•) Z* (0.81) 1.00 1.69; Z, (0.28) 

1.00 1 .67 

4509.40 *F» - *Di (»*) Z. .(0.23) 0.23 0.64; Z. (0.20) 

0.20 0.60 

4509.89 (**•) Z* (0.81) 0.48; Z. (0^) 0.80 

0.20 

4480.38 2tPi - 8«8i (**•> Z. (0.65) 1.83; Z. (0.67) 1.33 


Z« (0.00) 


1.18 


Z, (0.01) (0.26) (0.43) 1.00 1.17 1.34 1.62 1.69 1.86 
4253.34 I *F4 - «I>; | (»•) | 

Z. (0.00) 1.14 


4248.97 

4104.23 

4062.60 

Z* (0.00) 


1 Vi - »d; I 

1 (”•) 1 


1.14 

0.06) (0.10) 144 1.30 1.26 1.2 

Vi - «Di 

(tat) 

Vt - *Di 

(«•) 

2Vi - 4iDi 

(lat) 


Z. (1.81) 1.81; Z. (1.88) 1.88 
Z. (0 JT) t.M 0.87 
Z. (0.87) 8.00 0.87 


1.00 


Z* (0.07) (0.20) 1.00 1.14 1.27 1.40 


100 4()22.67 

2 3648.80 

Z; (0.00) 


2*P. - 4*Di 

Vi - HSi 

1.05 


(tit) 

(tat) 


Z* (0.00) 0.82 
Z« (0.07) 0.73 047 


(«•) 

(»•) 


8621.25 *D; - 4Jd; (tat) 7 , (0.00) 1 

3614.22 - *D', (tat) 7 , (q ^q) ] 

3600.30 «i>i — «P| (tat) 

Z. (0.97) 0.00 
Z« (0.M) O.U 1.73 

Sm.M «/>5 - 4D; (tat) t; (0.00) ] 

3604.02 •D$ - Va (at) 

^ 0,99 

Z« (0.20) (0.60) (too) 0.60 1.00 t40 1.80 2.20 

8580.89 ) iDi — ip, I (•!•) j 

*4(0.00) tl4 

Z« (0.11) (0.84) 147 1.14 0.91 0.60 
8524.24 I Vi - ( (aat) I 

Z» (0.00) 1 JO 

Z«.(0.18) (0.57) (0.05) 8.18 1.81 1.43 1.05 0.07048 
8457.86 I »Di — «P| j (ta) I 

Z, (0.25) (0.79) 0.88 0.84 ‘ 

Z« (0.87) (0.80) 0.40 0.98 1.47 2.00 
8440.52 ( ID, - ip, I („) I 

*• 0.60 

Z. (0.20) (0.00) 040 0.00 140 
888745 I ■ iDi — Vt I (•••) I 

&(040) ' 

*» (0.08) (0.00) (0.10) 144 140 140 1.82 1.10 1.14 


Z* (0.00) 1.10; Z. (0.00) 1.20 
Z. (0.00) 1.43; Z. (0.00) 1.37 


z; (0.00) 1.48; Zi (0.00) 1.43 


lot. 


lOOOr 

lOOOr 

A 


100 

5153.26 

2Vi - 3»Di 

(«•) 

Zt (0.00) 0.09; Zt (047) 0.73 
047 

1 

6111.M 

V! - Vi 

(«•) 

Z| « Z« (0.00) 0.00 

50 

5105.58 1 *Dt - 2Vt | (>*•) I 

Zt (0.00) 1.10 

Zt (0.07) (0.^) too 1.14 147 1.40 


2 

6016.63 

•i/, - Vi 

(tat) 

Zt (0.84) tts 0.64; Z. (0.00) 
140 0.60 

1 

4797.07 

Vi - Vi 

(«•) 



50R 


5A 

4R 

2 


2A 


2S 


2B 


2M 




Cus9»^(Conlinued) 


Terma f 4 | Tjrpe 


Co (ConWnoarf) 

3279.82 I iDt - Vi | (•*) | 

Z» 0.00 1.56 (?) 

Z« (0.08) (0.09) O.M 0.89 0.83 0.77 (?) 

3273.97 l>Si - 2>Pi (»•) Z, (0.66) 144; Z« (047) 148 

3247.55 VSi - 3Vt (»•) Z* - Z* - (048) 1.00 1.67 

8243.16 Vi - V; (**•) 

Z» (0.00) 1.30 

Z« (0.06) (0.14) (044) (0.33) t67 1.57 1.48 1.29 1.19 1.10 LOO 


3235.7L I Vt - *Fi j (**•: 

Z. 0.61 

Z« (0.81) (0.94) t97 1.34 0.71 0.09 
3208.23 I *Di - ID, | («») 

Z» (0.19) (0.5?;) 1.67 

Z« (0.28) (0.85) 0.51 1.08 1.66 2.23 


(tat) 


3194.10 I iDt ~ *I>i 

Z» (0.44) 1.08 

Z« (0.20) (0.40) 1.40 too 0.60 
3156.62 I *Dt - 


(»*•) 


Vt - *D[ 

(«) 

Z. (041) i.lO 

Vt - •St 

(tat) 

Z« (0.40) 0.40 140 


3142.43 I Vt - «ei I (•••) I 

Z. 0.40 

Z« (0.13) (0.40) 2.14 147 1.60 
3108.60 I Vi - ipi | (*••) | 

Z* 0.51 

Z. (0.88) (0.69) (1.15) 0.010.45 0.91 1.87 
3093.99 I «Di - \ (•*) | 

Z* (0.00) 1.78 

Z, (0.11) (0.34) (0.57) 0.85 1.08 1.31 1.54 1.77 
3073.80 I iDi - Vi | (**) | 

Z« (0.30) 1.10 

Z« (0.17) (0.51) (0.84) 1.71 1.87 t08 0.69 0.34 
3073.80 I *Di - Vi | (**•) | 

Zo 0.44 t61 

Z« (0.19) (0,51) (044) 1.71 1.37 1.08 0.69 044 
3063.42 I • «Di - Vi ] (•*•) j 
Z. 0.68 1.18 

Zt (0.27) (040) 1.60 t04 0.53 


3036.10 


Vt - v; 

(«) 

»D| - Vj 

(tat) 


Z. (0.42) (?) 

Z. (0.00) 1483 (T) 


3010.84 I *Dt I (tat) I 

Z« (0.00) til 

Z. (0.09) (0.26) (0.48) 1.63 1.46 141 1.12 O.M 
2997.36 I iDi - iDj | (.**•) | 

Z* (0.21) (0.60) 146 
Z. (0.20) (0.60) 140 1.40 1.00 0.60 
2961.18 I >Di - Vi I (ttt) I 

Z» (0.00) 1.17 

Ze (0.08) (0.09) (0.14) too 1.06 t.l2 1.17 1.88 140 


2882.94 I >Da Vi | (>: 

Zi (0.00) tl4 

Z. (0.07) (0.20) too 1.14 1.27 1.40 
2824.38 iDi ~ W', I 

2768.89 »Dt - 8iPi 


(ttf) 


Vi - Vj 

(tie) 

Vt - 8*Pi 

(•*•) 

Vi - 3Vi 

(ita) 


Z, (0.00) 148; z; 4 
Z» (0.00) 0.95 
Z| (0.07) 0.78 04V 


(040) Un 


2618.38 I iDa - 3Vt | 

Z« (0.00) 1.12 

Zi (0.07) (0.20) too 1.14 147 1.40 
2492.14 I Vi - Vt I (tat) 

2441.62 iZi - Vi I <*t) 

2369.88 iDa ~ 4Vi | (sti) 

Z« (0.00) 1.18 

Z« (0.08) (0.09) O.M 0.89 0,88 0.77 
2263.09 I sDa - ip|' I <!*•) 


z; (040) too 

*• (0.1S)t00 147 
*» (0.00) 2.27; Z« (048) 848 


2230.07 i iDi - V« I (tat) | 

z« ( 0 . 00 ) too 

Zi (0.08) (0.09) (0.14) 1.00 1.06 1.12 1.17 1.28 140 


(tat) 


Zp (0.00) 0.70 

z; (047) 0.78 ktr 


2227.74 I iDi - *Ft \ (t^ 

Z, (0.00) 0.79 

Zi (0.08) (0.09) 0.M 0.d9 0.83 0.77 
2215.65 I *D* ~ »Di I ra; 


2214.66 
Z. (0.00) 

Xe (OaOT) 
2109.65 


(»*•) 


Vi - v; 

(«*•) 

Vi - V, 

(»»•) 


z; ( 0 . 00 ) aoo 

Zt (0.00) 040 


1.18 

(0.20) too 1.14 147 1.40 


•D# - lA 


(»»•) 


I Zt (0.00) 1.17 
Zt (0.00) 140 
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INTERNATIONAL CRITICAL TABLES 


Mn 




ion 


on 


8 

7 

10 


8 


0 

0 


3 

3 

4 
0 
8 
4 


10 

6 




9S 


(”); Int. and X (H); cf. (Ha); Terms («>, 37 ); in column ( 4 ) 

are notes and symbols 

! Terms I 4 | Type 


(Conlimted) 




4823.622 


•Pi - *54 


Mn I 

((1) (3) (6) (7) 9 n 13 16 17 
19 21 23)/9 

Zo (0.1108) (0.3324) (0.6640) (0.7756) 0.9978 1.219 1.441 1.662 1.884 

(0.111) (0.333) (0.655) (0.778) 1.00 1.22 1.44 1.66 1 89 

2.11 2.33 2.65 


lOfi I 4030.760 I 


8 


Mn I. — (ConltnuMf) 

- tPi I r I I(l)(8)(6) T 9 11 18 16 171/7 
Z* (d.l41) (0.426) (0.710) 0.904 1.278 1.562 1.846 2.130 3414 
Z, (0.143) (0.429) (0.716) 1.000 1.287 1.673 1.862 2.146 2 434 


4018.108 


•i)i - *d: 


T, 


[(1) (3) (6) (7) 91 93 96 97 99 
101 103 1061/63 


4783.432 


•Pi - 


2.147 


{(2) (6) (10) (14) 112 116 120 
m 128 132 136]/6d 
(0.111) 1.786 1.845 1.005 1.9M 2.026 2.087 


Z, (0.033) (0,096) (0.168) (OSSM) 1.778 1.840 1.904 1.966 2.a31 2.094 



2.168 


3839.777 

•Di - •Pi 

tt 

9R 

1 

4764.068 

■Pi - 1 r 

1(1) (3) (6) 9 11 13 16 17 



1 


1 

191/7 8 3834.363 

•D, - iPi 

•4 


Z* (O.ia) (0.429) (0.716) 1478 1.666 1.861 2.173 




4313.646 I - •/>! \ T I 1(1) (3) 6 7 9 Ul/6 

Z* (OJM0) (0.618) 1.386 1.797 2.209 
Z, (04) (0.6) 1.0 1.4 1.8 94 

4284.084 I *Pt - «Z), | r | ((13) 18 391/16 

Z. (0.861) 0.861 9.mi Z, (0.867) 0.867 9.401 
4281.097 1 *Pi - *D, I r | ((4) (12) (90) 36 44 •• 60 

681/36 

Z^ (0.1113) (0.3376) (9403T) 1.030 1.286 1.482 1.709 1.936 
Z. (0.1143) (0.3429) (94713) 1.029 1.267 1.43# 1.714 1.943 
4266.920 I *Pt - ID, ( r | ((4) (19) 14 tt 301/13 

Z* (0.794) 0.926 1.4M 1.080 

Z« (0.2667) (0400) 0.033 1.460 2.00 

4267.663 | ‘Pi - *X>, | t | U4) 41/8 

Z* (1491) 1439; Z. (1499) 1499 
4239.723 | «/>, ^ •i>, ( | (7 ai) 291/13 

Z. 0.4493 (0.7394) 1.896; Z. 0.447 (0.793) 1.933 


4236.306 


•Pi - *D4 


ri 


[(«) (9) (16) 


41 47 68 
69 06)/86 


Z« (0.4939) (0.2396) (0.4326) 4.993 1.168 1.341 1.614 
Z. (9.0337) (0.267) (0.429) 1.00 1.171 1.343 1.614 1.680 1.867 


4236.126 


«Pt -'•!)• 


rH 


((17) (61) 99 U7 161 

1961/106 

Z. (9.149) (0.480) 0.800 1.216 1.642 1468 
Z* (0.1U) (0.486) 4494 1.210 1.633 1.866 


4083.680 


4082.947 


•Di - •Dj 

B 

7 

•Di - 'd; 

1 


((77) (231) (386) 9113 3269 
3423 3677 8731 3786|/2906 


[(11) (33) 141 163 186 

2071/106 

Z» (0.1040) (0.813) 1490 1.683 1.746 1.964 
Z« (9434) (0.314) 1443 1.663 1.762 1.972 
4079.428 I •D, ^ 9Q]/is 

Z.(0.798) 1.190 2.678; Z* (0.7U) 1.199 2.600 


4079.246 


4070.380 


4068.020 


4063.663 


4068.036 


4066.368 


4043.760 


•Di - •D', 

0 

T, 

•Di - 

1 

Tt 

•D. - 'Di 

Ta 

•Di - •O', 

Ta 

•Di - •O^ 

r 

1.10 2.608; Z« (4.799) 1.133 2 

•Di - •O', 

Ta 1 

•Di - tDi 

! r 1 


((1) (3) (6) (7) 41 08 06 97 99 
101 103 1061/68 

[(0) 10]/3: Z, (0) 8.848: Z# 
(0.00) 3.333 

((0) 28J/16; Z, (0) 1.847; Z* 
( 0 ) 1.866 

1(0) 681/36; Z» (0) 1.662; Z, 
(0) 1.657 


(0) 1.667 


Z» (4.1014) (0.8076) 14a 1.660 1.775 1.060 
Z« (4.1M) (0.814) 14a 1.668 1.763 1.973 
4041.366 

4036.730 

Z. (0) 1.601 
4034.480 I 


2071/106 


•Di - •Di 

Ta 

•D. - •!< 

Tp 


•Zi - •Pi 

Z» (4.199T) (0.4001) 1.411 1411 2410 2.600 
Z« (04) (0.6) 1.4 14 2.3 3.6 


((0) 141/0; Z. (0) 1.664; Z« (0) 
1.666 

{(77) (231) (386) 3113 8269 
3423 3677 3781 87861/2206 


I r i [(1) (3) 7 0 11 181/6 


4033.074 


•Zi - 'Pi 


tt 


1(3) (6) (13) 60 64 a 73 

761/36 

Zi (9431) 1.700 1.830 14a 3.070 9.140 

Z* (0.0671) (0.1714) (043a) 1.714 1.820 1.9a 2.067 2.173 


6 


Z, (0) 1.606 

3843.986 I "Di - ip, | r |(1 (17) 331/16 
Z« 0.074 (l.Uf) 3.199; Z« 0.047 (L193) 2.30 

3841.081 I •/>! - •Pi | r | 1(19) 31 (87) 100 1072261/105 
Z* (04794) 0.4M1 (0.6316) 1.037 1.692 2.ia 

2.148 

(4 (0)1/8; Z» 1497 (1.997); Z, 
1493 (14a) 

((997) (801) (2486) 13a 2210 
2708 3367 8041 43101/2806 
Z. (0.1997) (0.3801) (0.6486) 9.79M 0.09S8 1468 1.618 
Z. (0.1302) (0.3906) (0.6608) 0.74M 1.006 1476 1.627 1.797 1,047 
3833.864 | •Oi - •/, | || | ((6) 10 (13) tt 341/16 

Z; (0.398) 0.648 (1.194) 1.4M 2440 
Z. (0.40) 0.666 (140) 1.4a 2.266 
3829.674 | •Dt - •Fi \ w | (0 (O) 071/16 

Z, 0.606 (14tt) 3.1M; Z« 0.600 (14a) 3.03 


3828.806 


•i)i - •Pi 


0 


[(6) (18) (a) 98 a ■ 64 

761/35 

Z. (0.178) (0.620) (34a) 0.787 1.133 1479 1.826 2.171 
Z, (0.71) (0.618) (9437) 0.7M 1.142 14a 1.830 2.174 

A 


8823.616 


•Z)4 - 'Pi 


6 


KM) (160) (266) (871) 

720 836 041 1047 1163 1260 
]a66)/a3 

Z» (0.6734) (0.226) (0.882) (0436) 0.991 1.063 1.206 1.360 1.618 1.666 
Z. (9.07a) (0.220) (0.882) (0.536) 94a 1.062 1.206 1.363 1.611 1.334 
1.817 1.070 

[(0) (18) (30) (U) 68 70 83 94 

106 118 1301/63 


3800.600 


•Di - •/. 


10 

3 


Z. (0.1194) (0.2990) (0.48M) (9.9fM) 0.040 1.128 1.314 1431 1.688 
1.674 8.061 

Z« (0.006) (0.286) (0.476) 

1.873 8.063 

8806.866 I •Di - •Pi I r,|IB 

8790.216 I •Di - •P. I O 


(O.ia) 0.021 1.111 1.808 1.4a 1482 


Z,...(0 
3629.730 


. .1.4a. . Z«. 
•Pi - •Di 

( 0 ) 



K6) (18) (30) (48) (M) 100 
112 124 188 la la 172 184 
1961/a 
. 1494. 

1(1) (8) (6) 83 67 a 61 a 

•f]/U 

1.7a 


Z« (0.0M 0.086 0.143) 1.67 1.63 1.69 1.74 1.80 
3623.700 I •Pi ^ *0% | | ((1) (8) 196 197 la 9911/106 

Z. (0) 1.886 

Z. (O.OMI) (0.0286) 1.867 1476 1.806 1.914 


6 


3610.390 I •Pt - •Di 1 r 

Z* (0.4a) 1.M1 3.860: z« (94a) 1. 
3610.206 I •Pi - •Di | r 

Z« (0.268) (0.806) 1.621 tSm 2.684 
Z. (0.266) (04a) 1.800 9.189 2.666 


3608.484 


•Pi - •Di 


I ((7) 29 ai/15 

2466 

( 1(4) (19) 84 m 401^13 


((4) (18) (99) M M a 70 

781/36 


Z. (0.116) (0.846) (9471) 1.319 1.649 1.779 9.0a 8.340 
Z« (0.114) (0.949) (9471) 1.814 14a 1.771 3.000 8.230 

4 


3607.630 


•Pi - •Di 


2.034 


7t 1(4) (W) (20) (98) 80 88 96 
, 194 112 120 1281/a 

(9491) 1408 1.429 1.660 1471 1-702 I.0I3 


3 


8SM.640 


•Pi - •Di 


Z. (0.064) (0.191) (0.817) (94^) 1470 1.997 1493 1481 1.778 
2.031 

8696.113 1 •Pi iDi | r | [( 19 ) M (M) a 71 97]/a 
Z. (•4ai) 04a (1.106) 1.276 2.016 1764 
Z« (9471) 0.6a (1.113) 1.286 2.027 2.7W 

[(09) (07) (1646) 160 

3in 8828 4486 6l461/»0 

Z, (9.ia) (0.435) (0.726) 9440 1.10 1.40 1.719 2.00 209 
Z# (94a) (0.447) (0.746) 94a 1.1» 1.489 1.738 1036 2.331 
367?.880 I ‘Pi - •Di I r ((■) ( 16 ) ( 25 ) (35) a 78 W W 
I I 10113 123 1831/a 

Z# (9470) (0.2304) (0.3040) (0.3ST6) 94977 1-161 1404 1.4fli 14*' 
1.770 

Zi (9.470) (040) (0.397) (0.666) 140 MO 1417 1479 lOn 
1.7M 



ZEEMAN EFFECT: Mn AND Mo 


423 


lot. 


9B 


Miiii. — (Continued) 


Terms | 4 I Type 


Mn /. — (Continued) 

2801.076 I •5« - ‘Pi I | [(1) <3) T 0 11 13J/6 

Z* (O.IM) (0.697) X.t90 1.703 2.191 2.680 
Z< (0^) (0.6) 1.4 1.8 2.2 2.6 

Mn II 

3497.640 I *Pt - ‘i)! I f I 1(0) (2) 9 11 IfJ/O 

Z« (0) (0.332) 1.403 1.825 t.167 

Z« (0.0) (0.333) 1.6 1.833 1.166 

3495.840 1 •Pi - •Do I T I 1(0) 6!/2: Z« (0) 2.49( 


((0) 61/2; Z« (0) 2.498; Z. (0.0) 

2.6 

1(1) 3 61/2 


8488.618 I 'Pi - •Di | r \ ((1) 3 61/2 

Z* (O.tMT) 1.4tt t.4M: Z« (1.0) 1 J 1.6 
8482.018 I •Pt - •Dt I r ( {(2) (4) 7 9 11 13]/6 

Z« (0.3312) (0.66S4) 1.166 1.496 1.81T 2.168 
Z« (0.333) (0.666) 1.166 1.60 1.813 2.167 

8460.332 I •Pi ^ *D$ | r | 1(0) (2) (4) 6 7 9 11 13)/6 

Z* (0.0) (0.329) (0.668) 0.8194 1.169 1.488 1.817 
Z. (0.0) (0.333) (0.666) 0.888 1.166 1.60 1.833 2.167 


3441.999 


•Pi - 'D* 




1(0) (1) (2) (3) 6 7 8 9 10 11 
12J/6 

Z. (0.0) (0.1666) (0.331) (0.4965) 0.9991 1.166 1.330 1.496 
Z. (0.0) (0.166) (0.332) (0.498) 1.00 1.166 1.3331.601.661.83 2.00 

10 2949.207 | *St - •Pi | r | ((0) (1) (2) 8 4 6 6 71/3 

Z. (0) (0.336) (0.672) 0.998 1.331 1.667 2.003 

Z. (0.0) (0.333) (0.667) 1.00 1.333 1.667 2.00 2.333 
9 2939.316 1 »5i - •Pi | ftt I KD (*) 10 11 11 13J/6 

z. (0Z81) um t.01 

Z. (0.167) (0.884) 1.667 1.888 8.00 2.167 

8 2933.066 | •Zi - •Pi | r ( [(0) (1) 8 4 6]/2 

Z. (8) (0.601) 1.490 1.991 2.492 

Z« (9.0) (0.6) 1.8 2.0 2.6 

9 2606.696 | 'St - 'Pt | rd | ((0) (1) (2) 4 6 6 7 81/3 

Z« (0.0) (0.347) (0.694) 1.178 1.622 1.969 2.316 

Z« (0.0) (0.333) (0.666) 1.888 1.667 2.00 2.33 2.67 
9 2693.734 »5i - 'Pt ttt 1(2) (4) (9) 17 19 11 U 26 

271/12 

2* (0.4H) 1.700 1.980 

Z. (0.167) (0.334) (0.800) 1.417 1.684 1.780 1.910 2.083 2.260 

10 2676.116 'St - 'Pt 1 r ((0) (1) (2) (3) 4 6 6 7 8 9 

101/4 

Z* (0) (0.248) (0.496) (0.744) 0.991 1.240 1.488 1.736 

Z« (0.0) (0.26) (0.6) (0.76) 1.0 1.26 1.60 1.76 2.0 2.26 2.6 

* Very eeymmetrio; disturbed by preceding line, 
t Resolution is complete for e, but not for w. 
t The end #'>eomponents coincide. 

. I Disturbed by following line. H Disturbed by preceding line. 

T All components very broed. •• Partial ooinddenoe with following line, 
tt V*»y asymmetric; sMwmponents not completely reeolred. 

Poedbly disturbed. || Partial coincidenoe with preceding line. 

Ill (^ualiutirely oorr^t, but not measurable. 

IT Only the e^mponents on short-X side are completely reeolred. 

*** vH)omponents completely resolTed; r-componente are disturbed and only 
partially resolTed. 

ttt Not completely reeolTed. tit Disturbed; not completely reeClTed. 


Mom (••); X (*48)j spectral structure (*•» 

148, 848) 

Mo I 

6030.66 ip, - •2)4 e |(0) (i) (2) (3) • 7 8 9 10 11 

, 121/6 

1.0 

Z« (0) (0.167) (0.838) (0.600) 1.000 1.167 1.333 1.600 1.667 1.833 2.000 

Z« (0) OM 1.006 1.609 2.616 
Z, (0) 0.600 1.000 1.600 2.600 

^ L I I 1(2) (4) 7 0 11 131/6 

Z« (0.332) (0.004) 1.163 1.404 1.080 2.169 

Z« (0.333) (O.OOT) 1.107 1.000 1.000 2.167 

’ ' • I «•) 8 » 10 n i.i/« 

Z. (0) (0.167) (0.333) 1.333 1.600 1.667 1.833 8.000 
4 6689.22 | •Pi ~ »D, ( | |(2) 8 51/2 

Z« (0.990) 1.486 2.476; Z< (1.000) 1.600 2.600 
4 6660.16 1 •Pt - ipi j j 

Z. (0) (0.334) 1.000 1.838 2.173 ' ^ ^ mej/p 

Z. (0) (0.333) 1.000 1.833 2.167 

4 6682.48 •Pi - iD. |(0) 51/2; (Q) 2.61; Z. (0) 

2.60 

6 “70.67 *St - ‘P, ((0) (1) 8 4 51/2 

Z* — Z« • (0) (0.600) 1.000 2.000 2,600 




Int. 


Mo«2. — (Continued) 


Terms 


Type 


Mo /. — (Continued) 

6633.06 I •St - ‘Pi I I 1(1) (8) 10 11 U 13)/6 

Z. (0.168) (0484) 1.670 1.888 8.008 2.173 
Z« (0.167) (0.888) 1.667 1488 8.000 2.167 

5606.64 I ‘S, - *Pj I | |(0) (1) (2) 8 4 6 6 7)/3 

Z. - Z« - (0) (0.333) (0.667) 1.000 1.333 1.667 2.000 2.333 

4662.94 I ‘p; - t t M(0) (2M4) 8 7 9 11 13J/6 

Z. (0) (0.324) (0.660) 0.009 1.136 1.465 1.780 2.111 
Z« (0) (0.333) (0.667) 0.088 1.167 1.600 1.833 2.167 

4626.65 •P; - ‘Di 1 {(0) (1) (2) (3) 9 7 8 9 lO‘ll 

M2J/6 

Z. (0) (0.163) (0.327) (0.488) 0.978 

Z. (0) (0.167) (0.333) (0.600) 1.000 1.167 1.333 1.600 1.667 1.883 2.000 
4595.32 I *P[ - ‘Dt I | 1(2) 3 5J/2 

Z« - Z, - (1.00) 1.60 2.60 

4676.67 1 •Pi - »Dt I I ((2) (4) 7 9 11 131/6 


I ((2) (4) 7 9 11 131/6 


Z. » Z« - (0.333) (0.687) 1.167 1.600 14U 2.167 


4472.20 

4391.70 

4381.85 

4380.49 




4668.29 •P; - ‘Di ((0) 5|/2: Z. - Z, - (0) 2.500 

4524.50 ‘Pi - ‘Di (1) (2) (8) 7 8 9 10 1 1 12J/6 

Z* (0.166) (0.332) (0.499) 1.163 1.327 1.498 1.980 1.824 1.990 

Z« (0.167) (0.334) (0.600) 1.167 1.333 1.600 1.667 1.833 2.000 

4485.15 Z* (0) (0.478) (0.967) (1.435) 0 0.478 0.057 1.435 1.914 

2.392 

4472.20 Z* (0) 0.996 | | 

4391.70 Z« (0) (2.06) 1.03 3.09 5.15 

4381.85 Z.{ (0.372) (0.651) (0.029) (1.207) 1.485 1.763 2.041 2.319 

4380.49 •Di - •Pi 1(3) (6) (9) (18) 18 21 24 87 80 

33 36 39J/20 

Zi 0.8 1.4 

Z« (0.15) (0.30) (0.46) (0.80) 0.90 1.05 1.20 1.88 1.80 1.65 1.80 1.95 
4369.26 I •Di - •Pi | | ((1) (2) ( 8 ) 3 4 8 8 7 8]/4 

Zt (0.243) (0.485) (0.780) 0.730 0.970 1.814 1.466 1.700 1.940 

Z, (0.250) (0.500) (0.760) 0.750 1.000 1.860 1.600 1:760 2.000 

4360.52 I •Dt - ‘Pt I I ((1) (8) (3) 1 8 3 4)/2 

Z, (0.500) (0.999) 0.500 0.999 1.499 1.998 
Z, (0.500) (1.000) 0.500 1.000 1.600 2.000 
4341.58 Z* (0) 0.797 

4326.90 •Di - ‘Pi 1(3) 0 31/2 

Z* (1.503) 0 1.603; Z« (1.500) 0 1.503 

4326.29 Z, (0) (0.343) (0.686) 0 0.343 0.686 1.029 1.372 
4296.34 Z« (0) 1.051 

4294.03 •Do - •Pi 1(0) 0]; Z« - Z« - (0) 0 

4293.42 ‘Di - •Pi 1(0) (1) (2) 8 4 6 6 7J/4 

Z« (0) (0.252) (0.504) 0.768 1.008 1.260 1.512 1.764 

Zt (0) (0.260) (0.500) 0.760 1.000 1.260 1.600 1.760 


4292.37 


•Di - ‘Pt 


I 1(0) (1) 1 8 3J/2 


- (0) (0.600) 0.600 1.000 1.600 
4291.40 Z« (0) 1.171 
4289.58 Z, (0) 1.066 
4288.82 •Di - •Pi II 


Z. (0) 


[(0) (3) (6) (9) 18 21 24 27 30 
33 361/20 


0.9 


Z. (0) (0.16) (0.30) (0.46) 0.90 1.06 1.20 1.35 1.60 1.65 1.80 
4277.49 ‘Di - •Pi 1(0) (1) (2) (3) (4) 10 11 18 13 

14 16 16 17 181/10 

Z* 1.0 

Zi (0) (0.1) (0.2) (0.3) (0.4) 1.0 1.1 1.2 1.3 1.4 1.6 1.6 1.7 1.8 


4269.47 

4266.10 
4232.82 
4120.29 
4106.24 

3903.11 


Z* (0) 1.200 
Z« (0) 1.133 
Z« (0) 1.09 
Z« (0) 1.176 
Z« 0 1 .02 
»Si - »Pi 


1(0) (1) (2) 4 5 6 7 81/3 


Z« - Z« - (0). (0.333) (0.667) 1488 1.667 2.000 2.333 2.667 




3901.93 

3886.98 

3869.23 

3864.30 

3861.64 

3833.88 

3829.02 

3826.85 

3826.60 

3823.13 

3798.41 


•Di - ‘d; 
»Di - •Dj 
•Dt - ‘D,' 
»5i - »Pi 

»Di - *Dt 

•Dt - •/>« 

•Di - *Dt 
•Dt - •D, 

Z. (0) 0.756 
•Di - •Dj 
'St - »Pi 


1(0) 3J/2; Z, (0) 1.498 
1(0) 31/2; Z. (0) 1.507 
1(0) 31/2; Z. (0) 1.500 
1(1) (2) (8) 21 22 88 84 25 

261/12. 

1(0) 31/2; Z* (0) 1.460 
((0) 3J/2; Z« (0) 1.497 
1(0) 31/2; Z« (0) 1.408 
((0 3]/3; Z« (0) 1.499 


3823.13 •Di - •DJ 1(0) 31/2; Z. (0) 1.616 

3798.41 TSi - »P| 1(0) (1) (2< 8) 466789 

101/4 

Z. (0) (0.248) (0.496) (0.748) 0.990 1.238 1.486 1.733 1.980 2.203 
2.476 

Z. (0) (0.260) (0.600) (0.760) 1400 1.260 1.600 1.760 2.000 2.260 
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2 

2 

2 

2 

1 

1 

3 

3 

2 

2 

2 

2 

] 

2 


10 


2 

10 


M04 * . — (Continued) 



Type 


3797.42 

3781.78 

3770.60 
3763.50 

3728.41 
3717.04 
3696.14 
3680.81 
3677.64 

3640.78 
3626.36 

3612.61 

3571.41 
3475.19 
3447.29 


. *Di - •£>; 
•Dt - W, 

•/>i - 

(0) 1.222 


Mo I ."^{Continued) 


1(0) 31/2; Zc (0) 1.498 
|{0) 3)/2; Zo (0) 1.464 
1(0) 31/2; Z, (0) 1.601 
1(0) 3J/2; Z* (0) 1.490 


2. (0) 1.060 

2. (0) (0.286) (0.532) 0.055 0.321 0.587 0.853 1.119 
Zt (0.963) 1.360 1.568 1.775 1.985 2.194 
Z* (0) 1.570 
Z. (0) 1.161 
Z» (0) 1.500 
Z^ (0) 1.216 
Z, (0) 1.134 
Z. (1.116) 1.116 2.232 

•Z>4 - 


O.f 


1(0) (1) (2) (3) (4) 10 II 12 13 
14 16 16 17 18]/10 


z, (0) (O.l) (0.2) (0.3) (0.4) 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 


3443.42 

Zc (0) 1.600 


3438.07 

Zc (0) 0.776 


3422.47 

Zc (0) 1.512 


3404.50 

•Dt - ip, 



((1) (2) (8) a 4 « 6 7 8)/4 

^u.ozo; (U.709) 0.789 1.060 1.381 1.990 
Z, (0.250) (0.600) (0.T90) 0.750 1.000 1.190 1.900 1.750 2.000 


3384.80 


Z. 

3382.66 

3363.98 


»Z>j - V4 


0.9 


((0) (3) (6) (9) 19 21 24 27 30 
33 361/20 


((0) (1) (2) 1 2 3 4 51/2 


3.(0) 1.468 

Z. (0) (0.502) (1.005) 0.602 1.005 1.507 2.010 2.601 

3g (0) (0.500) (l.(X)0) 0.600 1.000 1.6(X) 2.000 2.500 

^ - ‘F, I XX I 1(0) (1) (2) 3 4 66 71/4 

Z. (0) (0.243) (0.487) 0.719 0.965 1.215 1.468 1.700 

Z. (0) (0.250) (0.500) 0.790 1.000 1.250 1.600 1.750 


3347.17 

3344.90 


Z, - Z, (0) 0 
1(0) (1) 1 2 31/2 


•O® - ‘Ft 
*Z>i - Vt 

3. (0) (0.503) 0.903 1.006 1,509 
3# (0) (0 500) 0.900 1.000 1.600 

I I IKO) (1) (2) 4 6 0 7 81/3 

3. (0) (0.327) (0.647) 1.303 1.615 1.940 2.271 2.691 

3, (0; (0.333) (0.667) 1.333 1.667 2.000 2.333 2.667 


3132.70 


- »/>: 


1(0) (1) ( 2 ) (3) 4 5 6 7 8 9 

3, (0) (0.262) (0.605) (0.758) 1.010 1.263 1.616 1.768 2.020 2^247 
2.626 

3. (0) (0.250) (0.500) (0.760) 1.000 1.260 1.600 1.760 2.000 2.250 
2.600 


4433.70 I tPt - *D 


Mo IT 


3. (0.730) 0.444 1.929; Z, (0.733) 0.444 1.933 


Kll) 7 29J/16 


4.377.92 


- *D 


1(4) 4J/3 


4363.10 

4328.19 

4279.20 


Z. (2.672) 2.672; Z. (2.666) 2.660 

Z. (0.283) (0.749) 0.433 0.999 1.565 2.131 
Zc (0.136) (0.406) 0.677 0.948 1.219 1.390 

*Pi - } 1 1(4) (18) 14 I 

Zc (0.270) (0.806) 0.942 1.480 2.022 

Zc (0.267) (0.799) 0.933 1.465 2.000 


1(13) 13 99J/15 


301/15 


10 

4250.85 

Zc (0.171) (0.514) (0.856) 0. 

2 

4227.23 

1 *Pt - •D^ 

1 


Zc (0.885) 0.885 8.448; Z. (0.866) 0.866 

2 

4147.02 

Zc (0.20) 0.93 1.33 

2 

4125.80 

Zc (0) 1.150 


6 

4122.52 

Zc (0) 0.716 

T^B 

6 

4110.78 

Zc (0.169) (0.506) (0.843) 0, 

15 

3961.61 

Zc (0.099) (0.297) (0.495) 0. 

6 

3786.52 

Zc (0.495) 1.155 1 

1 

5 

3755.63 

Zc (0.108) (0.323) 

(0.538) 0. 

3 

3744.55 

Zc (0) 0.086 


6 

3742.49 1 

•Dt - •Ft 

1 1 


Zc (0.396) 1.888 0 0.798 1.584 



Z, (0.4P0) 1.800 0 0.800 1.000 


8 

1 3702.72 

•Dt - •Ft 

1 I 


Zc (0.204) 0.204 0.012; Z. (0.200) 0.200 < 

10 

3692 82 

2fc - 1.58 

T 9 B I 

15 

3688.40 

Zc (0) 1.263 

r. 

3 

3670.87 

Z* (0.150) 0.150 0.300 

4 

3656.41 

Z. 1.227 

1 

4 

8652.61 

Zc (0) 1.171 

1 

8 

3651.30 

£|| (0.106) (0.325) (0.M1) 



3 3591.84 

2 3528.04 

2 3346.35 

2 3287.35 

3 3254.83 

3 2965.40 


Mo4i» — (Contin ued) 

Terms [ 4 

Mo //. — (C^fUintisd) 

Zc (0) 0.018 
Zc ( 0 ) 1.096 
Zc (0) 1.462 
Zc (0.696) 2.087 
Zc (1.33) 1.133 

•Di - tpc 


1 81/5 


((49) (139) (315) 385 371 497 

2. (0.m, (0.410, (0.683, . . . ,.«o' 
z, (O.lti) (0.410) (0.683) 0.905 1.178 1.491 1.734 1.097 8JT0 
2903.92 I •£), - 1^, I I gj ^ 

Zc (0.899) (0.890) 0.775 1.368 1.962 8.991 
Z, (0.899) (0.886) 0.771 1.363 1.954 8.949 

((«) 41/8; Z. • Z, (3.000) 
1.383 


5 2034.41 

•Dx - •Fi 


4 2930.60 

*Dt - 



12 


Zc (0.400) (1.800) 0.667 1.499 2.267 


10 


2923.50 

Zc( . . 

Z.( , . 
3912.03 


•Di - •Ft 


15 


(( 6 ) 


) 0.803 1.147 1.490 1.835 2.179 
) 0.800 1.143 L494 1.828 2.171 


(18) ( 80 ) 38 40 « 94 

76J/89 


•Di - •Ft 


8 


2Bc - 4.17, 2Bc - 4.1T7 
2909.20 I tDi - •Ft 


Zc (1.133) 0.000 2.200; Zc (1.183) -0.066 2.200 


((6) (18) (30) ( 48 ) 58 70 83 94 
106 118 1301/63 

((17) -1 331/15 


2896.22 


•Dt - iFt 


2/c • 1.96, 2/c - 2.00 
2894.53 I •Dt - •Ft 


10 


2B. - 3.96. 2Bc • 4.3 
2891.10 I •Dt - •Ft 
Zc (0.8T9) (0.825) 0.488 1.033 1.583 2.132 
Zc (0.8T9) (0.829) 0.484 1.038 1.590 2.143 


((5) (15) (35) (35) (45) 99 109 
119 129 1391/99 


((6) (18) (30) (43) (94) 100 
113 134 135 146 160- -1/99 


((89) (87) 91 109 167 2351/105 


2871.61 


•Dt - •Ft 


12 2848.30 


2/c - 1.54. 2/c - 1.49 


•Dt - •Ft 


2/c - 1.70, 2/c - 1.798 
2729.71 I ip, - tOt 
Zc (0.84f) M08 0.989 1.277 2.014 2.751 
Zc (0.871) M15 0.948 1.286 2.028 2.771 
10 I 2701.49 I •P, - iDt I 

Zc (0.267) (0.799) 1.698 8.181 2.664 
Zc (0.267) (0.800) 1.600 8.189 2.667 
8 I 2683.30 I ‘P, -•!), | 1 1(7) 

Zc (0.468) 1.988 2.873; Zc (0.467) 1.888 2.867 


((41) (123) (185) 888 317 899 
481 563 6451/315 


1(9$) (159) (265) (371) 
729 835 941-1/993 


((18) (89) 19 45 71 971/85 


((4) (18) 84 88 401/15 


481/15 


10 2660.60 


•Dt - •d: 


8 


2/c - 2.85, 2/, m 2.88 

2653.47 I •!> - •D^ 

2/c - 2.86, 2/c - 2.825 
2646.57 I •Di - •Di 

2/c - 2.72, 2/c - 2.68 
2636.74 I «D, - tD', 


((1) (3). (5) (7) 8193 95 97 99 
101 103 1051/63 


((11) (33) (55) 
533 5551/315 


4a 489 511 


1(11) 33 141 163 185 2071/105 


Zc (0.734) 1.188 2.0d4; Zc (0.733) 1.188 2.600 


((11) IT 391/15 


2610.40 


2602.92 


•Di - •d; 


•Di - •D't 

Zc 0.737 1.189 2.612; Zc 0.733 1.188 2.600 
2693.82 I •Dt - tD,' 

2/c - 2.64, 2/c - 2.68 


f(0) 101/8; 

(0.383) 

1(11) IT 391/14 


2: - Z. • (0) 


6 2586.01 


•Dt - •Dt 


KU) 33 141 163 185 SOTI/IOO 


1.793 


1(1) (3) (5) (7) 91 93 96 97 99 
101 1031/63 

V# - 2.6, 2f» - 2.88 

• Number (21) of compooeate ia eorreei, but eomponeata are not 
t Meaaured componenCa on one aide, olhen obaeured by X 4662.11. 
t Reeolution of r-oomponenta ia Tiaible, bat not meaaunble. 

I AU «^-«omponenCa of aame intenaity. Type k axtnordinarily 
I Componenta r«eolr^, but not menanrabJa. 

I Pooado*t)rpe with narrow oompooeata. 

•• Not reaolved, but type la quafitatlTely oorraei. ft OliMured. 

ttAayinmatrically <liatort«d;noteomplet«ly rawIvwL ||f9om(*^. 

I I The inner r-componeata are too wank. 

11 Only the e-componeata aure reaolred. 



ZEEMAN EFFECT: Mo TO Pt 


425 


lieu (*^); Int. and X ***); Terms letters in colunui 
(4) indicate the ground type: type o: j, > j„, g, < g^, ± 
((0) 1 S 4 51/2; type 6: j. > > g^, ± [(0) 1 3 4 5]/2; type c: 

U “ in QmT^gn ± 11 2 3 4 6 61/2; type d: j, or = 0, = g^, 
± t(0) 41/2. 


Int. 


10 

10 


10 


0 


16 


SO 


12 

10 


U 

16 


12 

12 


6 

8 


12 


10 




60 


4 

3 


Terou 


] 


Type 


8 

6632.881 

•Pt - »Pi 

d 

15 

6606.627 

•Pi - •Di 

a 


h I [(0) (6) 31 37 42)/30 


1(1) 30 311/30 


1 1(0) (8) 31 39 471/30 


He/ 

7246.166 I •/»! -*Si I c | ((8) 22 301/16 

z; (0.616) 1.464 1.970; (0.633) 1.467 2.000 

7032.410 I »/»* - I a \ 1(0) (1) t 3 4J/2 

Z* (0) (0.48$) 1.011 1.6006 1.088 
Z, (0) (0.600) 1.000 1.600 2.000 
6920.466 I >Pi - *Pt I 

Z. (0) (0.1033) 1.026 1.224 1.422 
Z, (0) (0.200) 1.033 1.233 1.433 
6717.042 I - »Z)i I 

Z* (0.0442) 0.0008 1.036; ^'o not completely resolved 
Z« (0.0333) 1.000 1.033 
6678.275 | »Pi - •/), ] b 

Z» (0) (0.260) 1.035 1.207 1.660 
Z. (0) (0.2667) 1.033 1.300 1.667 
6598.063 I iPi - «Pi I c 

Z. (0.2006) 1.0843 1.336; Z. (0.300) 1.033 1.333 

((0) 2)/3; Z. (0) 0.6639; Z, (0) 
0.667 

1(0) (6) 12 17 221/15 

Z* (0) (0.3280) 0.8064 1.137 1.468 
Z. (0) (0.833) 0.800 1.133 1.467 
6402.246 I •Pt ^ •Dt | a 

Z. (0) (D.1643) (0.3286) 0.M81 1.164 
Z 4 (0) (0.1667) (0.333) 1.000 1.1667 1.333 1.600 1.667 
6382.901 I «P, - iPi I e [ (10 (12) 22J/16 
Z* 0.6680 (0.7876) 1.469; Z. 0.667 (0.800) 1.467 
6334.428 | JP, - iD, | 0 \ ((11) (J 

Z* (0.3670) (0.T240) 0.7723 1.U2 l^fT 1.846 
Z. (0.367) (0.733) 0.767 1.133 1.600 1.867 

A 


I ((9) 31 40J/30 


I ((0) (1) (2) 8 7 8 9 lOJ/6 
1.334 1.603 1.672 


;) 23 84 48 661/30 


6304.780 I »P» - ip, I a 
Z« (0) (0.2272) 0.6664 1.236 1.473 
Z. (0) (0.233) 1.000 1.233 1.467 


6266.406 


•P# - 


6217.270 I ip, - Ip, 

Z. (0) 0.6680 (0.8228) 1.4986 2.220 
Z 4 (0) 0.667 (0.833) 1.600 2.333 
6163.504 

6143.061 


•Pt - »Pi 

d 

1 

e 


1 KO) (7) 20 37 441/30 


((0) lJ/1 ; Zo (0) 0.9087; Z< (0) 

1.00 

1(0) 4 (6) 9 141/6 


1(0) 4]/3; Z. (0) 1.339; Z.(0) 
1.333 

((8) (16) 20 27 46 63)/30 


Z* (0.2667) (0.6333) 0.9667 1.283 1.600 1.767 
6128.467 I tPi - •Di | e | |(7) 16 22]/16 
Z. (0.4730) 0.0860 1.466; Z, (0.4667) 1.000 1.467 


6006.162 I ap, - id, 

Z* (0) (0.1660) 1.122 1.303 1.474 
Z 4 (0) (0.1667) 1.133 1.300 1.467 


a I 1(0) (6) 24 30 441/30 


10 

6074.337 

•Pi 

- IS, 

d 

10 

0020.000 

•Pi 

- 'Pi 

€ 


((0) 221/16; Z. (0) 1.466; Z. 

(0) 1.467 
((2) 20 22J/16 
£>4 tu. 1X40) 1.333 1.470; Z, (0.133) 1.333 1.467 

1^1 (1> 2 3 41/2 

Z. (0) (0.4002) 1.025 1.616 2.007 

Z 4 (0) (0.6M) 1.000 1.600 2.000 

L aS* ® I 

Z« (0.204) (0.402) l.ioi 1.204 LOOS 1.708 
Z 4 (0.200) (0.400) 1.100 1.300 1.600 1.700 

1^1 l<®) (1) 8 0 Wl/0 

z. (0) (0.1633) 1.340 1.605 1.462 
Z- (0) (0.1667) 1.333 1.500 1.667 


6852.487 


»Pi - •Pt 


((0) olJ/30; Z# (0) 1.034; Z, 
(0) 1.033 


lot. 


10 


15 


Pb$i. — (CorUinued) 


Terms 


Type 


((0) (1) 18 19 20J/16 


6 3683.47 

2paPi - 2,*P, 


3 3671.50 

2p*£)i - 3,«Px 

Mt 


Pb I.— (Continued) 

6 I 4067.92 I 2p»P« ~ 2«*P| | 

Zp (0) (0.075) 1.104 ,i,t 

Z 4 (0) (0.067) 1.200 1.267 1.333 

4019.62 I 2p»Z)» - 3d*Pi | | I(0)(7)14 63 60 67 74 81J/60 

Zp (0) (0.102) 0.202 0.212 1.016 

Zp (0) (0.117) 0.233 0.883 1.000 1.117 1.233 1.350 
3740.00 I 2p»2>i - 3«apj | | ((8) (16) 20 37 46 63)/30 

Zo (0.269) (0.638) 0.967 1^8 1.420 1.762 

7 

KO) 31/2; Z. (0) 1.404: Z« (O' 
1.500 

e 

((0) (3) 24 37 401/30 

Z» (0) (0.066) 1.142 1.255 
Z. (0) (0.100) 1.133 1.233 1.333 
Better { 

Z. (0) (0.067) 1.167 1.233 1.300 
6 I 3639.57 | 2p»Pi - 2s»Pi | 

Zp (0.166) 1.336 1.502; Z, (0.167) 1.333 1.500 
3572.77 I 2p>/)j - 3s«Pi | | ((0) (3) 34 37 40J/30 

Zp (0) (0.113) 1.142 1.239 1.227 
Zp (0) (0.100) 1.133 1.233 1.333 At 

2873.29 I 2p»Pi - 3d*Dt \ | [(7) (14) 6 12 19 261/16 

Zp (0.477) (0.962) 0.316 0.794 1.249 1.748 


KO) 4J/3; Zp (0) 1.340; Zp (0) 
1.338 

KO) (1) (2) 74 75 76 771/60 


1(0) (2) 35 37 391/30 

Id) 8 e)/6 


6 2833.06 

2p*Pq - 2,»Pi 

» 

4 2823.20 

2paPi - 3d»Pt 

Th- 


Zp (0) 1.260 

Zp (0) (0.017) (0.034) 1.233 1,250 1.267 1.284 


2802.01 


2p»Pj - 3d>Pi 


», r 


KO) (0) (18) 49 68 67 76 

851/60 

Zp (0) (0.166) (0.310) 0.808 0.962 1.116 1.271 
Zp (0) (0.150) (0.3(X)) 0.817 0.967 1.117 1.267 1.417 
2663.17 I 2p*Pt - 3 s»Pj | 1 1(7) (14) $1 38 46 621/60 

Zp (0.221) (0.442) 1.039 1.244 1.492 1.719 
Zp (0.233) (0.466) 1.033 1.267 1.600 1.733 
2614.20 I 2p*Pi - 3d*Pt I Jj I KO) (1) 4 6 61/4 

Zp (0) (0.249) 0.995 1.246 1.499 
Zp (0) (0.250) 1.000 1.250 1.600 I 

2613.68 I 2p»Pi - 3d»Di | t 1 1(10) 26 461/30 

Z. (0.632) 0.703 1.607; Z. (0.633) 0.864 1.600 
2577.28 I 2p*Pi - 3s*Pi | | [(0) (2) 17 19 211/16 

Zp (0) (0.147) 1.136 1.270 1.420 
Zp (0) (0.133) 1.131 1.267 1.400 


2476.30 


2446.20 


2pap, - 3s*Pi 
2p»Pi - 3s*Pi 


1(0) 31/2; Z. (0) 1.506; Zp (0) 
1.500 

1(1) 8 9J/6 


Zp (0.188) 1.307 1.495; Zp (0.167) 1.333 1.500 


(Better) Zp (0.200) 1.300 1.500 


2443.84 


2401.94 


2p»Pi - 3s*ro 
2p»Pi - 3e*Pi 


Z« 0.378 1.126 1.606; Zp 0.367 1.133 1.500 


1(2) 13 161/10 

KO) 31/2; Z. (0) 1.506; Zp (0) 
1.600 

Kll) 34 461/30 


2393.80 


6660.05 


6608.00 


I 




Pb // Intp (•«) 


I 


K2) 41/3; Zp (0.660) 1.340; 
Zp (0.667) 1.333 
Kl) 3 61/3 


(I4)j Bpectral structure (•!, 82) 


Z* (0.336) 0.988 1.656; Zp (0.333) 1.000 1.667 
2203.41 I I I ((1) 3 6J/3 

Zp (0.324) 1.004 1.682; Zp (0.333) 1.000 1.667 
* Deviation 2 %. 

t Distance of components; the unit is o —norma) resolution, 
t Distorted, but completely resolved. 

I Reversed in Pb-airc, sharp in 8n«arc. 

II Distorted by X - 2613.68. 

f Distorted by X - 2614.20. Very asymmetric. Csloulated type 
on 4062 and 3630, and accords with distorted type of 2613. 

*** Not resolved; type considered similar to that of 2802. 


is based 


6005.46 


4168.04 


2p‘S, - 3,'Pi 

• 

2p>Di - 3daD, 



KO) 171/16; Zp (0) 1.112; Zp 
(0) 1.133 

(11 (13) 84 (88) 37 60)/30 


Pt,, (»’’); Int. (lO*); 


Terms i*®* ***); terms in 
uncertain 


( ) 


are 


Zp 0.367 (0.433) 0.800 (0.866) 1.233 1 667 

4062.16 I 2p»Dt - 3dtD, | I ,(0) (m ^6 87 481/80 

Z. (0) (0.366) 0.865 1.232 1,88T 
Mt (0) (0.367) 0.867 1.233 1.600 


Pt / 


6 

6478.60 

6 

6475.78 

4 

6300.80 

3 

6387.88 


Z*(0). 109 

Z. (0.32) 1.26 

z (0) 1.88 

Z» (0.46) o.as 
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Pt 


78 



Ptri. — (CorUinued) 


j 

3d 

1 

3 
1 

4 


■id 

3 

2 

3 

4 
2d 

0 

2 

4 


5368.99 I ifi - {Ft) | 

Zo (0) (0.27) (0.55) 

Zc (0) (0.27) (0 64 ) 0.05 0.92 1.19 1.46 1.7S 


1 02 - 0.92, Ow 
1.73 


- 1.19 


Z^ (0) 1,36 

Z, (0) (0.02) l.sa 1.40 1.42 


5rf 

4:>o2.42 

bd 

4.i23.00 

bd 

4o20.9l 

1 

4515 66 

0 

4498.75 

3 

4493.16 

2 

4486.73 

or 

4484.72 

3 

4481.64 


*Pi - (Pt) 

Z, - Z. (0) 1.42 
4430.33 
4473.45 
4465.13 
4458.65 
4457.06 

4445.50 I I/), - (Ot) 
Z, (0) (0.88) 0.45 1.39 1.21 
Z. (0) (0.88) 0.50 1.37 t.t4 
4442.62 I - (Ot) 


4437.31 
4430.24 
4414.23 
4411.43 
4304.46 
4358.36 
4.343 70 
4334.70 
4327 07 



5328.60 

1 


0 

5324.59 

•Pi - (Dt) 


0 

5319.34 

1 


6 

5301.02 



3 

5260.86 

- (Pi) 


0 

5257.48 



6 

5227.66 

*Pi - (Dt) 



Zo (0.36) 

1.29 


Zt (0.18) (0.36) 1 01 1.19 1.87 

1.55 


5199,26 



1 

5193.91 




5130 01 

' (•Oi) - (Po) 



Zt - Zt (0) 0.50 

1 

6118.44 

^Dt - (Dt) 



5108.45 



Orf 

5095.82 




5082.35 



5 

5059.50 



4 

5033.54 



2 

, 5002.65 



2 

4997.98 




4940.15 



4 

4879.55 



0 

4862.40 



4 

4853.93 ' 



1 

4831.97 



1 

4772.32 




4768.12 



2 

4737.50 

'Dt — (Pi or 5i) 



Zt (0) (0.50) 0.60 1.02 1.52 


Zt (0) (0.50) 0.60 1.00 1.50 

4 

4684.10 

1 ‘P* - (Di) 1 1 


Zt (0) 

0.86 


Zt (0) (0.21) 0.71 0.92 1 13 

5 

46o7.95 



1 

4650.07 



4 

4640.82 

(Pt) ~ (»£),T 



Zt (0) 

1.13 


Zt (0) (0.32) 0.50 0.82 1.34 

4 

4577.42 

•Pt - (Dt) 1 


Z« (0.35) 1.2 


Zt (0.21) ^0.60) 0 67 0.93 1.17 

1.42 

4 

J 4554.59 

1 *Pi - (Dt) 


Z» (0) 1.03 
Zo (0) 1.51 
(0) 1.05 
Z„ (0) 1.15 

Zo (0) 0.81 

Z* (0) 1.29 

02 = 1.19,* ow - 1.37* 


Z» (0) (1.06) 

Z» (0) (1 03) 

Om “ 0.60, Ow “• 


0 


Zt (0) 

1.00 

Zt (0) 

1.10 

Zt (0) 

1 08 

Zt (0) 

1.12 

Zo (0) 

1.24 

Zt (0) 

1.15 

Zo (0) 

1.34 

Zt (0) 

0.95 

Z. (0) 

1.15 

Zt (0.31) 

1.23 

Zt (0.33) 

117 

Zt (0) 

1 50 

Zt (0) 

1 26 

Zt (0) 

1 37 

Zt (0) 

0.79 

" 1 .00, py ■ 

02 - 0.92.* ffy 

Zt (0) 1.46 

Zt (0) 1.1 

15 

0* - 0.82.* l/y 

0. - 0.92.* oy 

02 - 1.42.* (7y 

Zt (0 36) 

1.2 

Zt (0) 

1.23 

Zt (0) 

1 20 

Zt (0) 

1.01 

Zt (0) 

1 13 

Zt (0) 

(0.57) 

Zt (0) 

1.23 

Zt (0) 

1 20 

02 “ 1 .42; ov • 

Zt (0.63) 

1.29 

Zt (0) 

1.36 

Zt (0.31) 

1.21 

Zt (0) 

1 04 

Z, (0) 

0 92 

Ot • 0.45, — 

Os * 1.03, Oy — 

.69 


.71 


Zt (0) 

1.28 

Zt (0) 

1.10 

Zt (0) 

1.55 

Zt (0) 

1.34 

Zt (0) 

0.80 

Zt (0.22) 

1.09 

Zt (0) 

(0.57) 

Zt (0) 

0.95 

Zt (0) 

1.37 


1.60 


- 1.17* 


- 1.40* 


0 


1 37 


Int. 


2 

4 


2 

2 

1 

2 

4 


5 

1 

2 

2 


3 
1 

4 


4 

5 

3 
2 

4 

4 

5 
2 

3 

4 


4 

4 

4 


1 

4 

1 

6 

0 

3 

6 

2 


3 

e 


2 

4 

6 

4 


Terms 


I 


Type 


Z, (0) 

1.61 

Z. (0) 

1.10 

Z. (0) 

1.10 

02 - 0.92,* 09 


Pt I . — (ConHntted) 

4309.18 
4304.91 

4290.97 

4288.08 I *Ff - (PO 
Z. (0.23) 0.90 

Z« (0.10) (0.M) 0.72 0.82 0.98 1.02 

4281.78 I »/>, - (3i) I 

z * (0) 1.21 

Z, (0) (0.07) 1.13 1.20 1.8T 
4269.25 

4263.53 

4259.97 
4251.16 
4201.14 

4192.43 I <P, - (3t) 

Z* (0) 1,16 

Z, (0.03) (0.06) 1.14 1.17 IJO 1.23 

4164.54 I >p, -(P,) I 

Z, (0.36) 0.92 

Z. (0.15) (0.30) (0.48) 0.74 0.89 1.04 1.19 1.34 1.49 

4118.69 
4081.48 
4065.94 

4054.78 
4000.72 

3996.69 I •Pi - (^,) 

Z« (0.51) (0.98) 0.42 0.98 1.41 1.90 
Zt (0.49) (0.98) 0.43 0.98 1.41 1.90 
3966.35 
3963.63 

3948.33 I >Pi - (Pi) 

Z, (0.34) (0.7S) 0.78 1.80 1.58 

Z« (0.38) (0.76) 0.44 0.88 1.80 1.58 

3925.34 

3922.97 
3910.90 
3906.27 

3898.74 

3819.88 

3818.69 

3720.74 

3706.54 

3699.89 
Z. 


00 - 1.20 *09 - 1.13* 


Z, (0) 1.03 
Z* (0) 1.04 
Z. (0) 1.67 
Z» (0) 0.8$ 

Z« (0) 1.06 

02 - 1.30, - 1.17* 


02 « 1.04,* a* - 1.19* 
1.41 


Z. (0) (0.60) IA2 1.67 
Z, (0) 1.29 
Z* (0.37) 1.26 
Z, (0) 1.21 

Z. (0) 1.05 

02 - 0.92, Ot * 1.40 


Z. (0.53) 1.52 
Z* (0.75) 1.56 

Qt * 1.20, On “ 0.82 


z. (0) 

Z. (0) 
Z, (0) 
Z, (0) 


1.33 

1.34 
1.23 
1.02 


•Pi - (Dt) 

(0.44) 1.87 1.61 

Z. (0.20) (0.40) 1.00 1.80 1.40 1.60 
3687.45 
3683.02 

3674.05 I *Di - (Dt) 

Z. (0) (0.60) 1.15 1.74 

Z, (0) (0.58) 0.59 1.17 1.78 
3672.00 I I 

Z, (0) 1.00 

Z# (0) (0.13) (0.26) 0.78 0.91 1.04 1.17 1.30 
3668.39 
3663.09 
3652.26 
3643.16 


Z. (0.36) 1.36 
Z. (0) 1.08 
Z. (0) 1.36 
Z, (0) 1.15 
Z* (0.41) 1.04 

0 » - 1 20 ,* 09 


- 1.40* 


Z. (0) 1.30 
Z. (0) 1.54 
Ob •• 0.59, Of " 1.17 


I (7. - 1.04,*ff, - 1.17* 


3638.78 
3628.84 
3628.11 

3610.91 I »Pi - (P, or D\) 

Z, (0) 1.01 

Z. (0) (0.48) 0.84 0.82 1.50 
3587.38 1 •pi - (P*) 

Z« (0) 1.40; Z, (0) 1.50 

3485.27 j *Dx - (Pi) 

Z, (0) (0.38) 0.88 1.88 

Z, (0) (0.68) 0.40 0.87 1.88 
3483.42 I *F* - (Ft) 

Z, (0) 


3464.43 

3427.94 

3421.72 

3417.05 

3343.00 

3323.60 

3315.03 


Z# (0) 0.08 
Z. (0) 1.18 
Z, (0) 1.35 
Z. (0) 1.16 
Z# (0) 1.20 1.80 
Z# (0) 1.30 
Z, (0) 1.34 


I 


1 0* 

1 

0.92,* 09 ' 

\02 

- 

1.50, 02 - 

\02 

- 

0.49, 09 " 

\02 


1.04,* Pf ■ 

1.43 



1.39 



Z. 

(0) 

0.81 

Zt 

(0) 

1.16 

Zt 

(0.29) 1.02 

Zt 

(0) 

0.87 

Zt 

(0) 

0.48 

Zt 

(0) 

1.60 

Zt' 

(0) 

1.72 






ZEEMAN EFFECT: Pt TO Rn 


rj7 


PtTi. — (Coniinued) 


Int. 


6/e 


4ie 

7B 


4 

2 

4 

8/e 

8 

4 


4 

2 

4 

6 

6 

4 

4 

4 

3 
SB 

4 

n 

SB 

4 

4 

4 

4B 

4 

4 

4 

SB 

6/e 

4 

SB 

6 

4 

SB 

4 

10 /e 

4/e 

6/e 

6 

4 

4 

4 


Terms 


Pe /. — (CotUinusd) 

8290.20 I */>i - (5i) ^ 

Z 0 (0) (0.86) 1.36 8 

Z. (0) (0.88) 0.61 1.30 
3268.38 
3261.67 
3361.08 
3260.72 

3266.93 ‘5o - 00 

Z 0 m z, ^ (0) 1.13 
3261.97 [ *Di - (/=»o) I 

Z* - Z. - (0) 0.46 
3260.33 

3240.20 
3230.29 
3204.06 
3200.69 

3166.66 *Di - (Pi) 

Z* (0.60) 1.10 


Type 


Int. 


Oa • 0.51, Oa - 1-30 


Z» (0) 1.28 
Z» (0) 1.00 
Zo (0) 1.29 
Zo (0) 0.93 

Qz =» 0, " 

I g» “ 0.46, Ov 

Zc (0) 1.30 
Z<, (0) 1.03 
Zo (0) 1.17 
Zo (0) 1.31 
Zo (0) 1.13 
Qz “ 0.60, Oa 


1.13 


1.10 


z. (o.eo) 0.60 1.10 _ 

3064.69 I *Dt - {DO Oz - 1.33,* 

Zo (0) 1.26 

Zo (0) (0.02) (0.04) 1.10 1.32 1.33 1.36 1.37 
3042.63 Zo (0) 1.61 

2997.97 »Dt-(F») j?. - 1.00,* 

Z. (0) (7) 1.16 

Zo (0) (0.19) (Or.38) 0.81 1.00 1.16 1.38 1.67 


1.33,* Ou » 1.37* 


1.19* 


2989.80 
2983.74 
2969.09 
2929.79 
2921.40 
2919.36 
Z. (0) 


•Pt - (Pt) 
1.16 


Z. (0) 1.46 
Z. (0.72) 2.13 
Zo (0) 1.69 

Zo (0) 1.64 

Zo (0) 1.39 

Qa - 1 . 20 ,* Oa " 1.10 


Zo (0) (0.30) 0.90 1.20 1.60 
2913.67 
2913.30 
2906.90 
2697.89 
2898.87 
2893.26 
2888.20 
2870.47 

2839.28 

2830.29 
2818.23 

2803.22 - (Pi) 


2794.20 

2793.28 

2773.99 

2773.28 
2771.66 
2764.90 
2747.69 
2738.46 
2733.96 
2719.02 
2713.09 
2706.88 
2698.40 

2604.20 
2677.13 
2674.64 
2669.44 
2660.84 
2646.87 
2639.83 
2610.M 
2606.00 
2606;03 


*5t — (Pi or DO 


Zc (0) (0.82) 2.02 
Z,-(0) 1.11 
Zc (0) 1.10 
Zc (0) 1.26 
Zc (0) 1:66 
Zc (0) 1.00 

Zc (0) 1.16 

Zc (0) 1.61 
Zc (0) 1.34 
Zc (0) 1.62 
Zc (0) 1.23 

Oa “ 0, Oa “ 1 .041 Zc " Z« “ 
(0) 1.04 
Zc (0) 1.42 
Zc (0) 1.23 
Zc (0) 1.46 
Zc (0)- 1 .28 
Zc (0) 1.12 
Zc (0) 1.83 
Zc (0) 1^1 
Zc (0) 1.17 
Zc (0) 1.20 
Zc (0) 1.42 
Zc (0) 1.66 
Zc (0) 1.61 

Oa "" ^tOz ^ l.49j Zc Zt “ 
(0) 1.49 
Z. (0)‘1.29 
Zc (0) 1.71 
Zc (0) 1.68 
Zc (0.40) 1.20 


Zc (0) 
Zc (0) 
Zc ( 0 ) 
Zc (0) 
Zc (0) 
( 0 ) 


1.65 
1.43 
1.27 
1.29 

1.66 

1.69 


* Thli value is Mromad known from other oaloulaUona. 


Rh4» (**») 

BhI 

4 4842.40 «Pt - «jP4 

Zc (0.00) 0.60 

Zc ( 0 . 14 ) (0.40) (0.77) 0.88 0.99 1.20 1.46 1.74 2.00 
7 4675.03 I api - •Dt | | 

Zc 0.94 

Zc (0.14) (0.43) (0.71) (1.00)0.48 0.71 l.OO 1.M 1.67 1.86 2.14 







Rh4(. — (Continued) 


Ternm 


Typff 


Rh /. — {Continued) 

4609.01 I *Pi - *04 I I 

Zc (0.25) 0.00 0.49 

Zc (0.81) (0.93) (1.55J a05 0.67 0.07 1.29 1.01 2.63 
4628.74 1 *Pt - *P4 I I 

Zo (0.00) 1.76 

Zc (0.18) (0,57) (0.95) 0.29 0.07 1.05 1.43 1.81 2.19 

4379.93 I *Pi ~ W, \ I 

Zo (0.71) 1.21 

Zc (0.20) (0.00) (1.00) 0.06 1.00 1.40 1.80 2.20 
4374.81 I *P4 - •G4 I I 

Zo (0.00) 1.26 

Zo (0.02) (0.00) (0.10) (0.14) 1.02 1.06 1.10 1.14 1.18 1.22 1. 26 1.30 

4288.72 I *Pt - <(?4 I I 

Zo (0.00) 1.21 

Zt (0.00) (0.19) (0.32) 0.67 0.80 0.92 1.05 1.18 1.80 

4211.15 I jPi - «P* I I 

Zo (0.00) 1,74 

Zc (0.01) (0.29) (0.48) (0.67) 0.67 0.86 1.05 1.24 1.43 1.62 1.81 2,00 

4106.61 *P» - *(?4 

Zc (0.41) 0.87 

Zc (0.86) (1.00) (1.77) 0.17 0.54 0.88 1.25 1.95 2.66 
4135.30 I *P4 - ‘Pi | Ts \ 

Zc (0.00) 1.15 

Zc (0.06) (0.14) (0.83) 0.91 1.00 1.10 1.19 1.28 1.38 1.48 

4128.93 I *Fa - *P4 | | 

Zo (0.00) 1.59 

Zc (0.14) (0.43) (0.71) 0.43 0.71 1.00 1.29 1.67 1.-86 

4121.72 1 V. - *i)i 1 I 

Zc (0.00) 1.00 

Zc (0.17) (0.51) (0.86) 0.34 0.69 1.08 1.37 1.71 

4077.69 ~ {*Oi) • Zc (0.00) 1.30; Z, (0.00) 1.20 

3996.16 »Pi - {*D't> * 

Zc (0.00) 1.10 

Zc (0.03) (0.07) 1.30 1.35 1.40 1.44 

3996.62 I *Pt - ‘Pt I I 

Zc (0.00) 1.33 

Zc (0.08) (0.19) 1.41 l.M 1.66 1.79 

3984.41 _<Pt - *pi Zc (0.19) 1.62; Ze (0.00) 1,73 

3976.32 *d[ - («Z)1) * Zc (0.00) 1.19; Zc (0.00) 1.20 

3958 86 »Pi - 

Zc (0.00) 1.07 

Zc (0.02) (0.05) (0.08) 0^81 0.84 0.87 0.91 0.94 0.97 
3942.71 I *Pi - ‘Pi t 

Occ = 1.56, Oac ^ 2.06 
Oac “ 1-73, Oac “ 2.67 
3934.23 I ^4 - *Ot 

Zc (0.44) 1.00 

Zc (0.08) (0.24) ^.66) 0.54 0.75 0.90 1.06 1.22 1.38 1.54 

3922.18 >Dt - ‘Di Zc (0.36) 0.36 1.09; Z< (0.40) 

0.40 1.20 

3856.61 ‘Pt - »(?* 

Zc (0.00) 1.10 

Zc (0.02) (0.05) (0.08) (0.12) 1.00 1.03 1.06 1.09 1.13 1.16 1.19 1.22 


Zc (0.00) 1.30; Z, (0.00) 1.20 


Zc (0.19) 1.62; Ze (0.00) 1,73 
Z« (0.00) 1.19; Ze (0.00) 1.20 

1.07 



3833.87 I ‘Pi - »/>t | 

Zc (0.00) 0.97 

Ze (0.03) (0.09) 0.77 0.83 0.89 0.94 


3828.47 

«Pi - •Pt 

Tt 

3822.26 

•Ft - •Ft 


3818.20 

•Ft - ‘Pt 

Tt 

2, (0.00) 

1.46 



Zc (0.00) 1.48; Ze (0.00) 1.60 
Ze (0.16) 0.09; Ze (0.00) 0.86 


Ze (0.06) (0.10M.41 1.66 1.79 

. 3816.46 I *Di - {Vi> I * I 

Ze (0.00) 1.09 

Ze (O.OJ) (0.09) 0.77 0.83 0.89 0.04 
3800.77 I *Pt - ‘Di I I 

Zc 0.00 1.16 

Ze (0.17) (0.61) (0.86) 0.51 0.86 1.20 1.54 1.89 


3805.02 

*D't - 

•Dl 


Zo (0.28) 1.19; Zc (O.OO) 1.20 

3700.32 

•Fi - 

• •F4 

Tt 

Zc (0.00) 1.12; Z. (0.00) 1.14 

3793.22 

*P4 - 

•Dt 


• 

Zc (0.00) 



1.56 



Zc (0.03) (0.00) (0.14) 1.00 1.06 1.12 1.17 1.23 1.29 
8788.68 I *i>f - •Dm t 

^ ^ 0.88 
(7*6 “ le20| ffpc ^ 0*80 

3766.08 I *P4 - ‘O* t 

' Omc •" 119, Oac " 0.98 
* 1.14, ffyc * 0.67 
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international critical tables 


5 

5 


5 

4 

7 

4 


Rh4 6 . — (Continited) 

lot. 

L ^ 

Terms 

4 

Type 



Rh /. — (Continued) 

5 

3748.23 

1 *Pt - *Di 

1 

1 


Z# (0.20) 

0.80 0.98 1.40 1.82 



Z, (0.16) (0.54) 0.83 1.19 1.55 1.92 


4 

3744.18 

*Pt - (*D\) 

1 • 

1 


Z« (0.00) 

1.26 




Z 4 (0.06) (0.19)'l.39 1.26-1.14 


4 

3735.28 

1 *£>; - i'p',) 

1 • 

1 


Z» (0.00) 1 

.19 




Z. (0.01) (0.09) (0.14) 1.00 1.06 1.12 1. 

17 1.23 1.20 

8 

3700.00 

1 *Fi - 

1 

1 


Z 4 (0.00) 



1.15 


Z. (0.01) (0.10) (0.17) (0.23) ( 

».94 1.00 : 

1.07 1.14 1.20 1.27 1.33 1.40 

6 

3608.61 

*(?• - (»^) 

1 • 

1 


Z» (0.00) 

1.02 



Z«(8.01) (0.06) (0.08) (0.11) ] 

l.oo 1.03 1.00 1.09 1.13 1.16 1.19 1,22 

3 

3088.27 

1 *Pi - *D[ 

1 

1 


U (0.77) 0. 

37 1.01 




(0.71) O^T 1.03 




3692.36 

1 *F, - *£>i 

1 

1 


Z« (0.00) 


1.27 


Z. (0.06) (0.14) (0.24) (0.33) : 

1.00 1.10 1.19 1.28 1.38 1.48 1.67 1.67 

4 

3600.72 


T$ 

Z 4 (0.00) 1.06; Z, (0.00) 1.20 

6 

3681.06 

- i>D]) 

* 



Z 4 (0.00) 

1.40 




3. (0.07) (0.20) 1.00 1.14 1.27 

1.40 


8 

3674.77 

‘Pi “ »Pt 


Z, (0.8S) 0.63 1.92 



1 


Z, (0.67) 0.67 1.60 

4 

3666.02 

*Pt - ! 

T$ 

Z. (0.00) 1.26; Z. (0.00) 1.33 

7 

3666.23 

*F, - *F4 

T» 


. 

Z* (0.00) 

1.18 


Z 4 (0.10) (0.31) (0.62) 0.71 0.92 1.13 1.34 1.66 1.76 

8 

1 3661.88 { 

•Qi - (‘Pi) 1 

• 



Z 4 (0.00) 

0.69 




Z, (0.06) (0 

1.17) (0.28) 0.61 0.73 0.85 0.96 1.07 1.18 

8 

3668.00 1 

*Fi - *D, 1 

1 



Z. (0.00) 


1.19 



Z. (0.07) (0 

1.20) (0.33) 0.90 1.04 1.17 1.31 1.44 1.67 

6 

3639.53 

*P{ - *D\ 


Z, - Z. - (1.33) 1.33 

7 

3626.61 

*P» - *D\ 




Z* (0.00) 

l.Ol 




Zm (0.09) (0 

.26) (0.43) 1.00 1.17 1.34 1.62 1.60 1.86 

5 

3620.47 1 

*Pi - ‘Pi I 

1 



Z# (0.20) 

0.20 0.72 




Zs (0.17) (1 

.11) OJO 0.49 1.23 

1.97 


4 

3614.78 1 

>04 - (»^) 1 

* 1 




4 

5 


(Coniinued) 

7 

_ Rh /. — (Con4«nu«cO 

3484.04 I >/>, - I r« 1 

( 0 . 00 ) 1.12 

Z. (0.03) (0.08) (0.14) 1.00 1.06 X.12 1.17 1.23 1.29 


3478.01 

3474.79 


•Dt - *Z>i 
- * 0 , 
Om^ * 0.04, - 0.48 

<7., - 0.57, (7p, - 0.40 


4 

4 


3470.67 

3462.04 


“ *Ft 

*F» - 
- 1.08, - 0.80 

0*4 “ 1.03, ■■ 1.03 

3434.00 I *Ft - V7# 
Z* (0.00) 


Z. (0.30) 1.07; Z, (0.00) 1 JO 


Z* (0.14) 0.53; Z. (0X)0) 0.40 


1.18 


Z* (0.03) (0.09) (0.15) (0.21) (0.27) 1.00 1.06 1.12 1.18 1.24 1.30 1.36 
1.42 1.40 1.55 

3399.68 I *Fi - | T$ I 

2. (0.00) 1.13 

Z, (0.06) (0.17) (0.20) 0.86 0.07 1.09 1.20 1.32 1.43 


8 


- *Fi 
*Ft - *0t 


Z, (0.28) 1.34; Z« (0.00) 1.33 


Z« (0.00) 0.81 

Z« (O.Of) (0.05) (0.08) 0.81 0.84 0.87 0.91 0.04 0.67 


*Ft - *Di 


*Pt - *D{ 

1.60, 1.17 

1.73, 0^ - 1.20 
I *Z>« - *Ot 

0.72 

(0.33) (0.55) 0.43 0.65 0.87 1.00 

I - ‘Z>* I I 

1.02 

(0.26) 0.77 0.94 1.11 1.29 
*Fi - *Ft 


Z* (0J3) 0.23 0.60 
Z. (OJO) 0.20 0.60 


3612.47 

8605.88 
Om^ - 

0*4 - 

3507.15 
Z* (0.00) 

Z. (0.11) 

3506.19 

Zm ( 0 . 00 ) 

Z. (0.09) 

3583.09 

Z.(0.00) 1.36 

Z, (0.06) (0.14) (0.24) (0.33) 1.00 1.10 1.19 1.29 1.38 1.48 1.57 1.67 

t 


3670.18 

1 

‘Pi - ‘Pi 

0*4 " 0.84, “ 0.47 

0*4 * 1.03, 0M 0.40 

8543.97 

*£)i - to. 

3641.92 

*Pi - 

3528.03 

‘P 4 - ‘Pi 

3513.11 

>Pi - t^. 

3607.32 

•Pi - *0, 

Z* (0.00) 



Z. (0.24) 0.85; Z* (0.00) 0.80 
Z. (0.64 ) 0.64 1.95; Z. (0.67) 
0.67 1.99 

Z 4 (0.28) 1,23; Z. (0.00) 1.24 
Z« (0.33) 1.73 1.03 
Z« (0.33) 1.67 1.00 


0.91 


z« (o.oi) 

3502.54 

Z 4 

Z« (0.08) 
1.74 1 
3498.74 

- 


(0.07) (0.11) 0.67 0.^2 0.96 1.01 1.05 1.10 

1 - *0. I I 

(0.63) 1.30 

(0.24) (0.40) (0.57) (0.73) 0.61 0.77 0.93 1.04 1.16 1.42 1.58 
.00 

1 *Ft - *Di 
0.52, - 1.03 

0.40, (7m ~ 1-20 


6 


6 


8 


8 


3396.82 
3372.84 

Z 4 (0.42) 1.03 

Z. (0.23) (0.69) (1.14) 0.11 0.34 O.M 1.26 1.71 
3368.38 I *F» - ‘/'j | f 

0*4 " 1.04, (7y, 0.48 

• 1.03, 0 ^ - 0.40 

3323.00 I <^4 - 1(7, 

Z# (0.00) 1.07 

Z. (0.06) (0.10) (0.32) (0.44) 0.67 0.70 0.02 1.05 1.18 1.30 1.42 1.55 
3283.57 I 4/-, _ I I 

z* (0.00) 0.67 

Z 4 (0.06) (0.17) (0.28) 0.61 0.73 0.85 0.06 1.07 1.18 
3280.54 I *Ft - ij?4 I I 

Z- , 0.30 1.25 

Z. (0.05) (0.14) (0.24) (OJl) 0.91 1.00 1.10 l.li 1.28 1.38 1.48 
3271.61 I >£), - Wt I 

Z 4 (0.00) 1.38 

Z. (0.10) (0.60) (X60 1.00 1.40 l.M 
3263.14 I «Z)i - *F» I 

Z* (0.28) 1.05 

Z. (0.17) (0.61) (0.86) 0.34 0.69 1.01 1.37 1.71 

t 


6 I 3191.18 [ tOt - *D't 

Om^ - 1.24, (f,, - 0.81 
0*4 " 1.37, 9m " 0.80 
• Second term — (D), {F) — not positively eeUblisbed. 
t If type deviate* from the theoretical one, the euthor gives only ( 7 -vmluss. 

Scji (®®); Int. and X (®^); c/. (*^^); spectral structure (*•» 

«6, 146, 140) 

Sc / 

10 I 4047.81 I >Z), - I I ((1) (3) 5 7 91/5 

Z 4 1.77 1.30 0.98 (0.50) (0.19) (0.19) (0.56) 0.06 1.33 1.T1 
Z. 1.80 1.40 1.00 (0.60) (OJO) (0.10) (0.60) 1.00 1.40 IJ 
30 I 4023.68 | - tp' | « 

Z. 1.21 (0) 1.21; Z. 1.20 (0) 1.20 
20 I 4020.40 I *Z>« - iZ>; | s 

Z 0.80 (0) 0.81; Z* 0.80 (0) 0.80 
15 I 3906.61 I *0, - *D' ‘ | 

Z. 1.79 1.40 1.00 (0.62) (0.19 (0.19) (0.56) 0.08 1.40 1.T6 
Z, 1.00 1.40 1.00 (0.60) (OJO) (OJO) (0.60) 1.00 1.40 IJO 


30 


30 


((0) 61/5 
1 1(0) 4J/6 
I lU) (3) 5 7 91/5 


3011.88 


•Di - 


•i 


20 


20 


30 


20 


20 


Z# 1.07 (0) 1.06; Z* 1.00 (0) 1.00 
3007.54 I *Z), - *jp, I 

Z. 0.90 (0) 0.01; Z. 0.04 (0) 0.04 
3269.84 I to, - tPi I W, d 
Z 4 0.87 (0) 0.76 

I Z. 0.86 0.74 (0.07) (0.07) 0.74 0.86 

8c JI 

4416.56 I tF^-^tF, | $ 

€4 0.69 (0) 0.67; Z« 0.67 (0) 0.67 
4400.30 I - V, I s 

Z4 1.00 (0) 1. 10; Z« 1.08 (0) 1.08 
4374.51 I | s 

Z 4 1.28 (0) 1.37; Z« 1.25 (0) 1.25 
4326.00 I tF', - *D[ | s»* 

Z* 0.70 (0) 0 70; Z« 0.83 (0) 0.88 
4320.75 - *D', 

Z* 0.98 (0) 0.06; Z, 0.02 (0) 0.02 


1(1) (3) (5) M 37 89 41 48 

451/35 

1 1(2) (3) 27 » 81 111/35 
1 1(1) 11 111/15 


1 1(0) 21/3 
I ((0) 131/12 
1 1(0) 51/4 
(.1(0) (1) 3 4 11/6 

1(0) (X) (3) ca) 

161/12 
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Scii. — {ConHnued) 

Sc //. — (Conlinuad) 



80 I 4814.00 


•^i - 


((0) (1) (2) (3) U 13 14 16 16 
17 181/12 


60 

30 


2« 1.00 (0) 
4346.88 
M61.00 
Z, 1.68 


1 . 10 ; S . 1.00 ( 0 ) 1.00 


•Z>t - *Ft 
1.00 0.67 


n 


Z» 0.09 (0) 0.98 
(1 (3; 4 (•) T 101/6 
0.67 1.04 


1.67 


Z4 1.67 1.17 (1.00) 0.67 (0.60) 0.16 0.16 (0.60) 0.67 (1.00) 1.17 1.67 


16 3646.48 


»i)» - •Ft 


X D* 


((3) (6) (9) 7 10 16 14 19 

22]/12 


60 


^•(T) 0.69 0.63 (T) 

Z, 1.21 (0.76) (0.76) 1.21 
8642.96 1 •Di - *Ft B, 

0.78 (0) 0.77; Z. 0.83 (0) 0.83 


1 1(0) (1) 3 4 61/6 


100 3630.76 


•Ih - •Ft 




((0) (1) (2) (3) 11 12 13 14 15 

16j/12 


1.03 CO) 1.08; Zt 0.92 (0) 0.92 


100 


3613.83 


•i>i - •Fi 


•i 


1(0) (1) (2) (3) 16 13 14 16 16 

17 181/12 


10 


10 


Z, 1.11 (0) 1.12; Z. 1.00 (0) 1.00 
3690.62 I | ••♦117 

Z. 1.42 (0) 1.61; Z« 1.67 (0) 1.67 
3689.67 I >Di - *1)1 | tl 

2* 1.68 1.17 0.66 (0) 0.61 


[(0) (1) (2) 6 7 8 9 101/6 


1(0) 347 
1.18 1.76 


111/6 


Z. iM 1.17 (0.67) 0.60 (0) 0.60 (0.67) 1.17 1. 


20 


30 


60 


20 


3680.98 I *Di - 

Z« 0.61 (0) 0.61; Z. 0.60 (0) 0.50 
3676.37 1 •Dt - ‘Di. | 

Z. 1.14 (0) 1.19; Z, 1.17 (0) 1.17 
8672.67 \ •Dt - •DJ | 

Z* 1.31 (0) 1.84; Z« 1.33 (0) 1.33 
3667.72 I •Di ^ ‘DJ 


1 1(0) 11/2 
|t(0) 71/6 
[(0) 41/3 


Z* IM 1.16 0.64 (0) 0.64 


1(0) 3 (4) 
1.16 1.66 


7 111/6 


Z« t.66 1.17 (0.67) 0.60 (0) 0.60 (0.67) 1.17 


20 


1 [(0) (1) (2) 6 7 8 9 101/6 


10 

10 




Z* 1.98 (0) 1.02 

((0) (1) (2) 6 7 8 9 101/6 


8 


3668.66 I •Dt-^Di \ 

Z. 1.63 (0) 1.64; Z« 1.67 (0) 1.67 

8685.74 I 

3372.16 I - V’l 

Z. 1.16 (0) 1.18; Z, 1.00 (0) 1.00 

3369.60 I •Dt -•Pi I ± D* I [(2) (4) 6 7 9 111/6 
Z» (?) 0.66 0.66 (?) 

Z* 1.88 (0.67) (0.67) 1.88 

8864.74 I I d I Z« 1.00(0) 1.00 

* Only ctronicat oomponentc of Z« are siren d^mally. 

f Acymmetno; Inner oomponenU too weak. 

% Measured on plate with two states of polarisation. 

I 8pliUint-up is too treat, ef. X » 4320.76. 

I 8plittint-up is too simple, ef. X > 8668.66. 

7 The 1.42 of X - 8690.62 eoincides with the 1.76 of X - 3689.67 

Sqm (•*); (*•); Bpectral structure (*•» 

8n /; Int. (•<); X (*•); Terms (•*) 


20 


3 

16 

80 


5 

20 


6631.69 

4624.74 

8801.031 


8666.78 

3330.60 


SHP; - 2p»s; 
U'P\ - 
8«*P| - 2piDt 


8d>Ih - 2pi)^ 

1 - ip^ui 


100 


3 

100 


6 

68 

8 

80 


sHp; 

Z. (0.44) (0.89) 0.69 1.07 1 '61 1.96 
Z. (0.46)’ (0.90) 0.60 1.06 1.61 1.96 
826233 I Z9ip[ ~ 2pix>; | 

2* (0) 1.01 
Z* (0) (0.07) 0.97 1.04 1.12 
3218.690 
3176.039 

2# (0) l.fiO 

Z, (0) (0.07) 1.88 1.46 1.63 
8141.81 
8034.16 
8032.78 
3000.138 


Z, ^ Z, ^ 

Z4^- Z4 
Z*^ Z, m 

1.06 1.40 

z« - z. - 


(0) 1.38 
(0) 1.116 
(0) (0.34) 


0716 


(0) 0.64 


4#*P; - 2pi3l 
8s*Pl - 2p»F» 


Z. - Z« - (0) 1.32 


20 


26 

8 


30 

30 


30 


80. 

30 


3 

4 


6 

6 


20 


{Continued) 



Sn I. — {Continued) 


2813.68 I 3d»/^ - 2p‘Z), [ 

Z. (0) 1.09 

Z, (0) (0.08) (0.16) 1.05 1.13 1.21 


I 


3 

. 2785.027 

3d*Di - 2p>Z)J 


4 

2779.814 
Zt (0) 

Sd'P; - 2p>Dj 

1.30 


Zt (0) (0,12) (0.23) 0.936 1.05 1.17 1.28 

10 

2706.60 

3«*P; - 2p*Pi 


3 

2661.26 

3**Pj' - 2p*Pi 


6 

( 

1 

2671.60 

Zt 

3d»£), - 2pWj 

t 

1.46 


Zt (0) (0.19) (0.38) C<, .6 1.06 1.24 1.43 1 

1 

2466 

3d*Pi - 2p»Pt i 


6 

2421.70 

3d‘P5 - 2p‘Z); 



Z# (0) 1.39 


Z. - Z. - (0)1.51 
Z» (0.38) 1.16 1.60 
Z» (0.38) 1.14 1.61 


Z« 1.01 (0) 1.24 
Z, 1.126 (0) 1.126 


Z, (0) 1.00 

Z. (0) (0.026) (0.060) 0.975 1.000 1.026 1.060 1.075 
2334.799 \ Zd*D\ - 2p»Pi \ \ Not reeolved, but j\ - jt 

Sn //; Int. and X ('^•); Terms (•*) 


6462.79 


6*5i - 6»Pt 


6799.35 6*i>M - A^Ft* 

6698.16 6*Pj - 6*D« 

Z* (0.80) 0.65 1.06 1.60 

Z* (0.27) (0.80) 0.63 1.07 1.60 
5689.44 6*I>* - A*Ft 

6662.92 6*Pi - 6*I)j 

Z. (0) 1.04 

Z, (0.07) (0.20) 1.00 1.13 1.27 


Z# (0.36) 1.01 1.66; Z< (0.33) 
1.00 1.67 
Z# (0) 1.07 


Z« (0) 0.90 


6333.23 


8362.42 

3283.64 


ei/>i _ e»x), 


1 

6291 

6»Pi - 

6‘i>i 


4 

6 

7 

6224.92 

6100.66 

6‘D« - 
6*Pi - 

6>Pi 

5*D$ 

D 


6369.5 
6349.37 
Z. (0) 


p>Di — 4*F»4 

p*Dt - A'Ft 

Sn ///; Int 
6*P» - 6»Z>i 
6»Pi - 5>Dt 
0.96 


2o (0) 0.836 

Z. (0.07) 0.73 0.87 
ef. X - 5799 Z. (0) 1.06 
ef. X - 5589 Z« (0) 0.91 

(•«) 

Z* (0) 0.48; Z« (0) 0.60 


2# (0) (0.33) O.M 1.17 1.60 


Z* (0.96) 0.47 1.41; Z. (1.00) 
0.60 1.60 

Z* (0) 1.04; Z. (0) 1.00 


Z. (0) 1.10 

Zt (0) (0.16) (0.33) 1.00 1.17 1.33 1.60 1.67 
6020.7 I 6»Pi - 6»Z>i I 
Z. (0.67) 1.29 

Z« (0.33) (0.67) 0.83 1.17 1.60 1.83 


ii 


4924.12 

4868.12 


4716.82 

Z*(0) 


6»Si - 6«P* 
6«5i - 6»Pi 


6»Z)« - 6 ‘Pi 
1.20 


Z. (0) (1.97); Zt (0) 2.00 
Zt (0.66) 1.49 2.02: Zt (0.60) 
1.60 2.00 


Zt (0) (0.16) 1.00 1.16 1.66 
4686.62 I 6*Si - 6»Pi 
Zt (0) (0.60) 1.01 1.62 


I* 


n 


6 

4330.13 

6»5i - 

6 ‘Pi 


1 

3660 

•P'f - 

‘Pi 

D% 


Zt (0.93) 0.99 2.00; Z, (1.00) 
1.00 2.00 




Zt (0) 1.76 

, Zt (0) (0.60) 1.00 1.60 1.00 
e Very aeymmetrio. t Outside components are reeolved, but not measurable, 
t Shaded symmetrically, t Obscured by lines of band. 


10 

20 

10 


2913.642 
2863.320 
2860.61 
Z. (0.30) 


(?)8d»Pi - 2p‘5; 


83»Pj - 2p»Pi 


3d‘Pj - 2p‘5; 


3#«P; - 2p*Pi 

t 

4d«D| - 2p>a; 


3#«p; - 2p*p» 


3d*Di - 2piD; 



z« - z« - 
z» - z« - 

Zt ■ Zt “ 

Zt (0.12) 

Zt (0.12) 1.38 1.60 
z* - Z. - (0) 0.S46 
Zt m Zt • (0) 1.38 


( 0 ) 1.22 
(0) 1.61 
(0) 1.066 


Vm (8^); Int. (»»»); X («<» ”2); Terms (24, 42, so, 127, i44) 

V I 

6266.28 1 *0', - •F', \ 

Zt (0.26) (0.67) 1.40 1.91 2.38 

Zt (0.10) (0.80) 0.77 1.36 1.96 1.64 


2 

6 


0.94 


80 


Zt (0.19) (0.38) 0.67 0.86 1.06 1.24 
2839.90 I 8s>P; ~ 2p<Pi i 

Z* (0) 

Zt (0.06) (0.10) 1.42 1.47 1.62 1.67 


12 


I 


6261.18 


6246.14 

6240.00 


•D't - •Fi 


•/>; - < 

•d; - •F', 

Z, 0.84 (1.05) 1.50 2.21 

Zt (0.40) 0.67 (1.10} 1.47 2.27 
6233.10 I •!>; - *F', 

Zt 0.74 1.42 

Zt (0.17) (0.61) 0.80 (O.M) 1.14 1.49 1.83 2.17 


Zt 0.78 (1.12) 3.05; Z« 0.60 

(1.17) S.lf 

Zt 1.47 (1.04): Zt 1.16 (1.00) 




I 


A 


I 
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international critical tables 


1 


15 


1 


8 


15 


1 

2 


1 + 
1 


1 


1 

1 


Vat* — {Continu ed) 

icrms I 4 



10 

2 

8 


12 

5 


6 

6 


V I -^^iContinuai) 

0221.18 I ep^ 4X>' I I 

Z. 054 * 

7,0.17 (0.52) 0.86 (1.54) 1.88 
6213.83 I «Z); - 1^-; I j 

Z- 0.45 , 48 

Z. (0.06) (0 18) (0.30) (0.42) (0.84) 1.01 1.13 1.25 1.37 1.49 1 62 
1.74 1.86 1.98 

6190.49 I •Pj - *D\ 

1.16 

Z. (0.26) 0.60 (0.77) 1.12 (1.29) 1.63 2.14 2 66 
0189.34 I ao; - .p; I j 

100 

Zt (0.11) (0.39) (0.05) 0,75 1.01 1.27 1.62 1.79 2 06 
6150,11 I id; - ap; I I 

(?) 1.14 

2. (0.05) (0.16) (0.25) (0.35) (0.45) 1.00 1 10 1.20 1.30 1.40 1.60 1.60 
1 70 1 *80 1 .90 

6017.04 I ap, _ I j 

7c 0.74 0 

7, 0.27 (0.80) 0.93 1.46 2.00 


7, 1.26 (1.40); 7* 1.33 (1.33) 


6008.68 <P, - <£>, 

6002.30 «P, - <£>, 

(?) 1.16 

7. (0.09) (0.20) (0.43) 1.00 M 7 1.34 1.62 1.69 1 86 1 04 
6980.81 I api - «D, 

Z^ ? 1.02 

7, (0.18) 0.54 0.83 1.19 1.55 1.92 
5010.20 I aPi - ap; | | 

7, (0) J 26 

7c (0.03) (().09) (0.16) (0.22) 1.11 1.18 1.24 1 30 1.30 1.43 1 40 1 50 
6693.02 I ap, _ ap, I i 

7c (7) 149 

7. 0.19 (0.31) 0.62 (0.66) 1.03 (1.05) 1.45 1 86 2 20 
5588.47 I a£)' _ | | 

(0.48) 1,55 

7. (0.08) (0.24) (0.40) (0.56) 1.03 1.19 1.36 1.61 1 67 1 83 1 09 

Ss I I j 0 (1.06, 0.13 (1.00) 2 27 

z^ (0) 1.10 

7c (0.04) (0.11) (0.19) 1.04 1.12 1.20 1.28 1 35 1 43 
6505.93 I apj ^ \ J 

Z« (?) 1.69 

7c (0.33) 0.87 (1.00) 1.54 2.20 
6547.04 I *D\ - aOi j j 

1.77 

7. (0.06) (().19) (0.32) (0.44) 1.11 1.24 1.30 1.49 1.02 1.75 1.87 2.00 
5545.91 I a/>; _ •£>, | . 

7c (0) 192 

7. (0.11) (0.32) (0.54) 1.05 1 20 1.40 1.70 1.92 2.13 
5542.69 I ap, _ «p, 

7c (0) 0.90 


7c (0.42) 0,79; 7, (0.63) 0.93 
0.13 

1.74 

►1 1 03 1 15 

1.27 1 40 1.62 1.64 1.7C 1.88 2.00 


6517.18 


«p, . 

“ •P'l 


6515 05 


•Pi - 

- ap; 


Zc (?) 





Zc 0.06 (0.18) (0.30) 

(0 42) (0 

.55) 0. 

4932.03 


1 •Pt - 

- *Pt 

1 

Zc (0) 



1.52 


Z, (0.07) 

(0.20) 1.40 

1.53 1.07 

1.80 

4925.66 


•Pt - 



4886.82 


*pt - 

- *pI 


4880.56 


*p, - 

■ 


Zc (0) 


0.90 

1.65 


Zc (0.07) 

(0.20) 1.40 

1.53 1.67 

1.80 

4412.16 


•d; - 

- *p1 


4392.10 


•i>; - 

■ *Pt 


Zc 

1 

.98 

1 76 


Zc (0.07) 

(0.20) 1.07 

1.60 1.93 


4363.53 


•d; - 

- ap; 


4124.09 


•Pt - 

(a)p, 

• 

Zc 

(0 

'.65) 

1.1 

1 

Zc (0 20) 

(0 

.60) 0.60 

(1.00) 1.00 1.40 

4107.48 

1 

•Pt - 

»)P, 1 


Zc 0.39 (0.43) 1.26 (1 

.36) 


Zc 0.33 (0.47) 1.86 (1 

.40) 2.20 


4092.40 

1 

ap, - 

(»>P, I 

• 

2c (0.17) 

(0 

55) 0 76 

1.14 1 60 


Zc (0J7) 

(0 

.40) 0.80 0.03 1.47 

2.00 


7c (0) 1.62; 7, (0) 1.60 
7c (0) 1.74; 7c (0) 1.73 


7c (0.37) 2.94; Z, (0.33) 3.00 


7c - 7, - (0) 1.60 



^orUinued) 

7 


V I. — {Continued) 

4070.78 I - ap; | 

f' 0 38 I 39 

1.68^8 L78^^ ^ 

4068.00 I ap, _ 

(0) 1.03 

7, (0.04) (().ll) (0.19) 1.04 1.12 1.20 1.28 1.35 1.43 
4052.47 I ap, _ I I 

0.53 (?) 

7, (0.08) (0.24) (0.40) (0.56) 0.84 I.OO 1.16 1*32 1.48 1 74 1 90 
4048.61 I ap, _ ip; I 

2c (0) 0.98 

7, (0.09) (0.00) (0.99) 1.03 1.08 1.12 


4032.85 


12 


*Fi - •P[ 
- *z) 


2# (?) 0.90 

7c 0.13 (0.53) 0.94 


1.44 


12 


3943.65 

Zo (0) 

7, (0.11) (0.34) (0.57) 0.86 1.09 1.31 1.54 1.77 2.00 
3936.32 I ap; _ ,p, | j 

7c (0.29) 0.51 (0.86) 1.09 1.66 2.23 
7, (0.20) 0.48 (0.77) 1.09 1.60 2.08 
3022.46 I ap; _ ,p, | 

7c (0) 1 33 

Zt (0.09) (0.26) (0.43) 0.94 Ml 1.29 1.46 1.62 
3920.49 ) ap; _ ip, 

2. 0.53 0.60 0.98 1.40 

7, (0.20) (0.60) 0.60 1.00 1.40 


6 

0 


3910.78 

3906.75 
3397.50 
7c (0) 


*D[ - »P, 
*D[ - »D, 

- •P't 

1.48 


7c (0.39) 0.41 1.20; 7c (0.40) 
0.40 1.S0 

7c (0) 1.44; Z, (0) 1.20 


15 

10 

8 

4 

10 

10 


Zc (0.07) (0.20) 1.40 1.53 1.67 1.80 

4 


3377 61 
3377.37 

3376 06 
3366.88 
3365,57 


3356 30 

7o (0) 


*P$ - *P', 
*Pt - *P[ 

*Pt - *P\ 
*P\ - *P\ 

*pi ~ *p: 


7. (0) 1.49; 7c (0) 1.60 
7. (0.46) 1.21 2.10; 7. (0.47) 
1.27 2.20 

7. (0) 1.59; 7. (0) 1.73 
7c (0) 2.54; 7« (0) 2.60 
7c (0.46) 1.07 2.05; 7. (0.47) 
1.27 2.20 


I 


9 


3 

4 


*Pt - *P', 

1.38 

Zc (0.07) (0.20) 1.40 1.63 1.67 1.80 
3259.53 I ap; _ ip; | 

Zc (0) 1.02 

7c (0.18) (0.5-4) 0.83 1.19 1.65 1.92 
3255.05 I ap; _ ip; I 

2c (0)(?) 1.15 

7c (0.09) (0.20) (0.43) 1.00 1.17 1.34 1.62 1.69 1 86 
" 7c (1.30) 1.28; 7c (1.33) 1.33 


- ap; 

*d; - ap; 

(0.49) 1.43 

2c (0.11) (0.34) (0.67) 1.03 1.26 1.49 1.72 1.95 
(4) and tho (2) nro uncertain. 


3243.29 
3241.17 
7c 


W?! ( 28 )- jn t (29); X (29, 1 1 2) ; gpectral structure (***) 

Int. i \ 


7« 


W I 


6 

0 

8 

6 

4 

G 

6 

8 

6 

3 

3 

6 

8 

6 

6 

3 

4 


5514,712 
5224 . 680 
5053.300 
4843.820 
4757.565 
4680.639 

4659.886 
4670.64 
4484.197 
4460.623 
4378.501 
4302.123 

4274.654 
4269.399 
4074 . 374 

4071.939 
4070.618 


(0.000) (1.041) 0.459 1.601 2.642 

(0 000) (0.435) (0.870) 0.734 1.069 1.504 1.939 2.374 
(0.968) 1.433 2.401 

(0.413) (0.826) 1.050 1.469 1.883 2.296 
(0.000) 2.046 

(0.280) (0.660) (0.840) 0.920 1.206 1.486 1.766 2.046 
2.327 

(0.000) 2.532 

(0 000) (0.487) (0.974) 0.521 1.008 1.496 1.982 2.469 

(0.000) (0.417) 1.627 1.944 2.361 

(0.000) (0.634) 0.670 1.1041.638 

(0.000) (0.360) (0.720) 2.090 3.460 2.810 3.1703.630 

(0.241) (0.482) (0.723) 1.318 1.669 1.799 2.041 2.282 

2.523 

(1.344) 1.612 2.966 

(0.000) (1.184) 2.367 

(0.263) (0.606) (0.768) 1.834 1.686 1.839 2.092 2.344 
2.597 

(0.000) (0.371) 1.666 2.036 2.407 

(0.000) (0.324) (0.648) 0.931 1.266 1.679 1.903 2.327 
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W74. — (Continued) 


Int. 1 

X 1 

Z* 

5 

4046.815 

W I. — (Conlinusd) 

(0.000) (0.812) (1.624) 0.487 1.299 2.111 2.923 3.736 

8 

4008.760 

(0.000) (0.312) (0.624)(0. 936)0. 853 1.171 1.483 1.706 

6 

3867.086 

2.107 2.419 2.731 

(0.000) (0.433) (0.8^)(1.298) 0.4050.838 1.270 1.703 

5 

3846.225 

2.136 2.659 3.001 

(0.000) (0.280) 0.976 1.256 1 .636 

5 

3836 . 0*58 

(0.332) (0.663) 0.261 1.683 1.914 2.246 

6 

3768.448 

(0.926) 1.636 2.562 

(0.737) (1.474) (2.211) 0.100 0.637 i:374 2.111 2.848 

6 

3707.929 

8 

3617.522 

3.585 

(0.440) (0.880) (1.321) 0.891 1.331 1.771 2.211 2.652 

4 

3311.389 

3.092 

1 (0.000) (0.676) (1.150) 1.153 1.728 2.303 2.878 3.453 

5 

2964.620 

(0.000) (0.646) (1.090) 1.226 1.770*2.316 2.868 3.414 

8 

2946,992 

(0.690) (1.180) (1.769) 0.696 1.186 1.776 2.366 2.960 

7 

2944.410 

3.545 

(0.000) (0.499) (0.997) 1.312 1.810 2.306 2.804 3.303 

6 

2896.445 

(0.000) (0.874) (1.748) 0.642 1.616 2.391 3.266 4. 139 

3 

2848 . 029 

(1.047) (2.094) (3.142) 0.784 0.263 1.3U 2.358 3.406 

4 

2833.634 

4.453 

(0.000) (0.411) (0.822)(1. 233) 0.4740.886 1.296 1.707 

5 

2792 . 702 

2.118 2.629 2.940 

(1.163) (2.326) 0.037 1.127 2.2903.463 

s 


W II 

3 (•♦) 

4366.01 

(0.190) 0.893 1.273 

1 (44) 

4343.24 

(0.617) 1.762 


4335 39 

(0.169) (0.608) 0.876 1.213 1.5531.891 


4175.64 

(0.237) 1.486 1.969 

3 

3657 . 500 

(0.944) 1.780 

1 

3361.101 

(0.932) 2.827 

3 

3117.580 

(0.685) 1.433 

4 

2764.261 

(1.466) 2.324 


2729.69 

(1.066) 1.765 

2 

2658.05 

(0.429) (1.288) 0.943 1.802 2.660 


. 

Int. 1 

X 

Bo 

1 Int.l 

X 

1 Bo \ Int. 

X IB. 


3 

2 

1 

2 

3 

3 

4 
6 
6 
2 
6 
4 
3 
3 
2 

2 

1 

2 

3 

3 

3 


6617.03 
6616.16 
6604.31 
6487.74 
6477 . 82 
6436.063 
6388.023 
6364.463 
6269.366 
6242.989 
5192.726 
6071.739 
6064.616 

6016.334 
4986 . 943 
4886.922 
4729 . 664 
4700 . 422 
4677.710 
4620.666 
4543 . 52 i 
4536.688 

4492 . 334 
4441.80 
4394 . 092 
4384 . 868 
4347.014 
4330 . 670 


1.204 
0.934 
1.730 
1.807 
1.406 
1.828 
1.612 
2.857 
2.087 
1.094 
1.046 
1.426 
1.430 
1.460 
1.458 
1.468 
1.916 
1.340 
1.200 
1.228 
1.406 
1.062 
1.028 
1.169 
0.609 
1.228 
1.464 
1.261 


3 

3 

2 

3 

2 

3 

3 

2 

3 

3 

3 

3 
2 
1 
6 
2 
6 

4 
1 
1 
3 


4316.821 
4275 . 497 
4254.066 
4241.451 
4216.387 
4204.415 
4170.638 
4154.678 
4126.808 
4126.69 
4064.799 
4028 . 798 
3983 . 294 
3979 . 293 
3903 . 987 
3809.239 
3801.527 
3641.419 
3692 . 426 
3672.477 
3463.616 
3429 . 604 
3368.61 
3308 . 36 
3304.46 
3281.944 
3262 . 26 


1.787 

1.139 

1.211 

1.328 

1.251 

1.214 

1.293 

1.741 

1.111 

1.261 

1 . 218 - 

1.691 

1.212 

1.204 

0.606 

0.994 

1.039 

1.296 

1.032 

1.460 

1.668 

1.213 

1.064 

1.468 

1.195 

1.427 

1.162 


2 

4 

5 
3 

6 

2 

5 

3 
2 

4 
4 


2 

3 

1 

1 

1 


3177.187 
3163 419 
3041.876 
3039 . 320 
2997 . 794 
2994 . 70 
2936.680 
2934 . 994 
2925.81 
2925.132 
2918.633 
2911.001 
2896.-010 
2889 . 79 
2856.033 
2862.10 
2806 . 930 
2801,175 
2740 . 799 
2718.044 
2716.323 
2709 . 59 
2706 . 7 ^ 
2703 . 49 
2703 . 09 
2697 . 727 
2670.41 
2647 . 72 


1.603 

1.344 

1.474 

1.137 

1.628 

1.084 

1.090 

0.935 

0.862 

1.267 

1.145 

1.583 

1.610 

1.431 

1.585 
1.235 
0.863 
1.496 
0.999 
1.007 
1.628 
0.878 
1.221 
1.280 
1.392 
2.011 
1.189 

1.586 
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POLE EFFECT 

Harold D. Babcock 


The term pole effect is used to designate the minute change of 
wave-length and the marked change of character which occur for 
many spectral lines when light from the central region of a metallic 
arc is compared with that originating near the electrodes. Much 
evidence indicates that under suitable conditions the central 
region of the arc gives the normal wave-length of a line, at least to 
a very close approximation. The phenomenon is accordingly 
considered to be a modification of the normal vibration frequency 
by some agency which is associated with proximity to the elec- 
trodes. It is manifested to the greatest degree by lines which 
are difftise and unsymmetrical, and which, in some cases, show the 
greatest change of wave-length with increase of pressure. 

In the spectrum of iron, for which the effect has been studied 
more extensively than for other elements, displacements amounting 
to O.O 45 A toward the red and toward the violet have been observed 
for the lines X4969.93 and X5133.69 respectively, when light from 
near the negative pole was compared with that from the center of 
an ordinary iron arc. The average displacements for such lines 
in that region of the spectrum, however, are about onerhalf of the 
extreme value mentioned. Of 1570 iron lines examined between 
X2979 and X6678, 286 showed displacements toward the red at the 
negative pole and 80 were shifted in the opposite direction. These 
unstable lines, as a rule, require high temperature for their excita- 
tion, are reversed only under extreme conditions, and are associ- 
ated with atomic transitions involving medium and high levels of 
atomic energy. 

Lines showing no pole effect, or at most displacements barely 
distinguishable from errors of observation, are in general the most 
symmetrical, the most easily self-reversed, and the most readily 
excited by low temperature sources. They are members of miilti- 
plets which are produced by atomic transitions involving the low- 
est energy levels in iron atoms. 

Goes (5) held that for iron the displacements at the pole are 
due to local increase of pressure above that in other parts of the 
arc. The measurements of St. John and Babcock (*), however, 
clearly indicate that this explanation is inadequate, and the recent 


work of Babcock (*) on pressure effect for iron shows conclusively 
that pole effect and preesurp effect are distinct. A group of linee 
is cited which are displaced toward the violet by pole effect but in 
the opposite direction by increase of pressure. The pole effect for 
calcium has been found definitely related to spectral series by Gale 
and Whitney (3). Nagaoka (4) found no certain evidence of con- 
nection between pole effect and Zeeman effect. 

There are many indications that pole effect is related to inter- 
atomic influences rather than to external (^uses directly under our 
control. The available data on Stark effect for iron point toward 
a correlation between this phenomenon and pole effect. Although 
no broad conclusions appear justified at present, it is possible that 
pole effect is nothing but Stark effect due to interatomic electro- 
static fields whose eflBcacy depends upon various external 
conditions in the source. 

The study of pole •effect has developed a useful extension to the 
existing methods for cla 8 aif 3 ring spectral lines, for which it affords a 
reliable criterion. Recognition of the r61e played by pole'effect in 
many investigations which involve accurate knowledge of the 
positions of spectral lines hM proved of distinct service. Mention 
may be made of the study of the pressure effect for terrestrial 
sources, and of the determination of pressures in the atmospheres of 
the sun and other stars, as examples. It is found in practice more 
satisfactory to eliminate the effect from the source of light than 
to attempt numerical correction for it in the results.' For iron, at 
least, this is made feasible by suitable choice of conditions for ojier- 
ating the arc. The question is discussed in detail by St. John and 
Babcock (•), who found that enclosing the arc in a vacuum chai^ 
ber caused the effect to disappear, and that under specified condi- 
tions the center of an arc at atmospheric pressure may also be used. 
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EMISSION OF LIGHT BY SPARK DISCHARGES IN LIQUIDS 

J. A. Anderson 


The character of a spark discharge is determined by : (a) The 
current flowing thrdugh the spark gap. (b) The emf across the 
gap. (c) The material, siie, shape and separation of the dec- 
odes. id) The medium in which the electrodes are immersed. 
Oi these, this section is concerned more especially with (a) and (d). 

The following general conclusions may be regarded as fairly well 

established : 

1. With a moderately strong current^ (condensed spark dis- 
charge) in.water, there is a strong continuous spectrum extending 
through the visible region and into the ultra-violet at least as far 
as A2300. Its intensity appears to be greatest in the” near ultra- 
violet (region X3000 to X4000), and to be roughly independent of 
the material used as electrodes. 

Superimposed on the continuous spectrum is one consisting of 
bright and dark lines, due chiefly to the electrodes. The low tem- 
perature arc lines appear as pure absorption lines. The high 
temperature arc lines, and a few of the more easily excited spark 
lines appear as more or less narrow absorption lines having bright 
edges, while the majority of spark lines are bright, generally broad, 
and often widened asymmetrically. 

2. With decreasing current strength (smaller capacity or larger 
self-induction) the continuous spectrum diminishes rapidly in 
intensity, causing the pure absorption lines to become leas con- 
spicuous and finally to disappear. The bright lines narrow 
progressively, and those having bright edges gradually become 
narrow bright lines by the disappearance of their reversals. At 
Ipw current values all lines are bright and relatively narrow, and 
the continuous spectrum is absent or very faint. 

1 A« an «xample of a “moderately strong current, “ the experiments of L. and 
E. Blooh (*) may be cited. The capacity was 0.02 microfarad, the frequency of 
oaoiUation 670 000 cycles pw eec. The potential is not stated, but must have 
been of the order of 20 000 volts. The maximum value of the current was 
asoordingly about 1 400 amperes. 


3. With the spark in water, the Balmer lines of hydrogen appear 
regularly as broad bright lines. In liquid hydrocarbons, the car- 
bon bands appear in addition to the hydrogen lines. The air 
lines, so prominent in the ordinary spark spectrum, are absent. 

The continuous spectrum originates in the core of the spark, 
and many observers have explained it as being due to hydrogen. 
Since Curie (3) found the continuous spectrun) strongly developed 
with sparks in liquids containing no hydrogen, such as bromine, 
sulfur, etc., this explanation is probably incorrect. It is more 
probable that its origin is analogous to that of the continuous 
spectrum observed when wires are electrically exploded (see p. 434). 

Bubbles of gas projected with considerable velocity from the 
spark are regularly observed and have sometimes been ascribed to 
electrolysis. Smith (i 5) was able to show that the quantity of gas 
liberated is many times too great to be accounted for in this way. 

The condensed spark in water using electrodes of carbon or 
some of the metals is frequently used as a convenient source of 
continuous ultra-violet radiation, in the study of absorption 
spectra. A quartz window and a continuous renewal of the water 

surroimding the spark are necessary; see also (*» ®* •• 

11, 12, 13, 14, 16, 17, 18). 
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ELECTRICALLY EXPLODED WIRES 

J. A. Anderson 


A fine metallic wire a few centimeters in length, weighing 1 or 2 
mg, 18 placed in the discharge circuit of a large condeilser. During 
the discharge the wire is heated and vaporized so rapidly that the 
earlier observers of the phenomenon (2, 4) described it as an explo- 
sion. The mechanical effects of such an explosion are fully 
described by Singer (^) and Nipher (2). The explanation of the 
phenomenon recorded by Nipher is probably incorrect, since 
recent work has shown that the rapid evaporation of the wire is 

quite competent to account for all observed effects. For quite 
recent work, see (7, 8, 9, lO)^ 

Oircuii. The constants of a circuit used by Anderson and by 
Smith are: Capacity (C) = 10”® farad; inductance (L) = 3.35 x 
10-® henry; potential applied (F) = 2 X 10^ volt; observed 
frequency of oscillation (N) = 87 000 cycles. If R be the total 
resistance of the circuit, including that of the wire, or of the vapor 
formed from it, the value of the current (i) at any time (f) is given 
by equation (1) 

Ic — — 

i ~ V 'Y/; ® sin 2irN< (1) 

== 10 900 e ^ sin 2tNI amp. 

The rate of development of heat energ}' in the wire is given by 
iV, and its maximum value is shown by the experiments to be 
above 10^ watt. 

Spectrum . — If the wire is in open air the spectrum consists of a 
moderately strong continuous background upon which is super- 
posed a system of bright and dark lines. The latter are low and 
moderate temperature arc lines while the former are either spark 
or high temperature arc lines. If the wire is confined between two 
parallel planes placed 2 to 10 mm apart, few, if any, bright lines 
appear, the spectrum being continuous, with numerous absorption 
lines. All arc lines and many spark lines especially those of wave- 
length shorter than X3000 are dark in the spectrum of an iron wire. 
The absolute brightness of the continuous spectrum is approxi- 
mately eaual to that of a black-body at 20 000®C. 


VaHation of Spectrum with Time (»).— During the first half 
oscillation the spectrum is continuous and without bright lines, 
but all arc lines and many belonging to the spark spectrum appear 
as absorption lines. In the succeeding half oscillation bright 
lines appear gradually, the enhanced lines first, followed in order 
by the high and mediym temperature arc lines. In the later 
stages of the explosion, when the oscillations of the circuit are no 
longer discernible, even the low temperature arc lines appear 
bright. 

Pressure.—ln an open air explosion the pressure,* which initially 
is high, reaches a value of from 4 to 2 atm. at the end of the first 
half cycle, depending upon the size of wire employed. During 
the second half cycle it falls to a value not very much above that 
of the atmosphere. When the explosion is partially confined, the 
pressure falls more slowly, and is likely to be considerably above 
1 atm. even during the second cycle. Hence it follows that at 
these high temperatures the spectrum is essentially continuous at 
pressures above 4 atm.; from 4 down to about 2 atm. the continu- 
ous spectrum diminishes somewhat in intensity, and below 2 atm, 
it weakens rapidly. Anderson (*) has shown that the vapors 
emitting a continuous spectrum have a high opacity, so that they 
appear to behave very much like a black-body. 

• Computed from the meaaured values of rooM and volume, aaeunuDg a tem- 
perature of 20 000®C. 
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PHOTOMETRIC STANDARDS 

E. C. Crittenden 


The standards of candlepower on which all precise photometry is 
based are groups of carbon-filament electric incandescent lamps 
ma'ntained in several national laboratories. These lamps are 
burned at temperatures below those of ordinary operation so that 
they change very slowly with use. Since 1909 the laboratories 
of France, Great Britain, and the United States of America have 
thus maintained a common unit of candlepower variously known 
as the international candle, British candle,* and bougie d^cimale. 
This unit, together with the procedure for maintaining it until a 
reproducible primary standard shall be evolved, has been accepted 
by the International Commission on Illumination, which includes 
representatives of Belgium, Italy, Spain, and Switzerland, in 
addition to the three countries named above. It is also, used by 
the national laboratories of Japai) and Russia, and has been 
adopted by the national standards committees in Australia, 
Canada, Czechoslovakia, Poland, and Sweden. 

The Hefner candle, the unit used in the Germanic countries, is 
0.9 of the international candle, this ratio being exact within the 
limits of accuracy with which comparisons have been made. The 
legal primary standard on which this unit is based is the Hefner 
lamp burning amyl acetate, but the light produced by any fiame 
depends on atmospheric conditions. The precise value of the 


Hefner unit actually used was determined (3) in 1896 by com- 
parisons between the flame lamps and electric lamps, and in recent 
years has been maintained by the electric standards, the flame 
standard serving a.s a check which would detect significant changes 
in the electric reference standards. No drift of the latter amount- 
ing to as much as 1 % has been found (8| ^). 

Secondary standards of the more recent types of electric incan- 
descent lamps (tungsten-filament vacuum' and gas-fiJled lamps) 
have been established by different procedures ' in the several 
national laboratories, and there are differences as largo as 3 or 4 % 
between the values assigned to them. The adjustment of these 
differences depends upon the acceptance of a standard method of 
comparing lights of different colors. Experiments and compara^ 
tive measurements leading toward such an agreement are m 
progress. 

While flame standards of candlepower are now little used, 
individual lamps of two types (Hefnerj and Vemon-Harcourt 
10-candle pentane) are tested and certified by the national labor- 
atories. The variation of their intensity with atmospheric con- 
ditions is commonly represented by an equation of the following 
form: 


/ - /•(! + o(«» - - c(760 - 6)1, 
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where e is the humidity expressed in liters of water va]>or per cubic 
meter of dry air, eo is a normal humidity, 6 is the barometric 
pressure in millimeters of mercury, h is the intensity (candle- 
power) of the particular lamp under normal atmospheric con- 
ditions, and J is the intensity under the conditions represented by 
observed values of e and h\ it is assumed that variations of room 
temperature have a negligible effect. The accepted values of the 
constants are as follows : 


Lamp 

Co 

1 a 

1 c 

Lit. 

Hefner 

8.8 

0.0055 

0.00015 i 

(3,6) 

Pentane : 

Great Britain 

1 

8.0 

0.0063 

0.0008 


United States 

8.0 

0.0057 

0 . 0006 

(5, 6. 7) 

Japan 

8.0 

0.0064 


(8) 


The differences in the values of a for the pentane lamp arise 
from the fact that this “humidity factor” includes a temperature 
effect and that seasonal variations of humidity have a systematic 
relation to temperature which is nearly the same in England and 


Japan, but different in America. The real humidity factor is 
0.0062; this combined with a temperature term, -1-0.001(15 — 0, 
brings observed results in the three countries into complete 
accord; f = room temperature, ®C. The variation with barometric 
pressure is not actually linear, but over the range of natural pres- 
sure changes either the British or American coefficient gives results 
correct within the accuracy with which the lamp will reproduce 
its values. 

For very complete bibliography, see (®). 
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PHOTOMETRIC FILTERS 


E. C. Crittenden 


Introduction. — In visual photometry, filters are used (1) to 
equalize the intensity or the color of the two lights to be compared, 
(2) to test the characteristics of observers, (3) to transmit a spec- 
tral band so chosen that the ratio of its intensity to the integral 
light is the same for each of the lights (method of Crova). The 
Crova method can give correct results only when the filter is 
chosen in accordance with the spectral distribution of the particular 
sources to be compared. It is more convenient to use color equal- 
izing filters, as they can be produced much more easily and no 
error is introduced by a failure in exactly equalizing the colors of 
the lights to be compared. 

Equalizing Filters. — The color filters most commonly used are 
blue glasses and dyed gelatin films of a yellowish or amber tint. 
These are not reproducible; individual filters must be calibrated. 

Continuously variable color filters using the rotatory dispersion 

of quartz plates between nicol prisms have been devised. The 

relative transmissions of these can be accurately calculated; 
tee (8, »). 

Reproducible color-equalizing filters of known transmissions can 

prepared from the following stock solutions. (A) Yellow 

“ ® Co(NH4),(S04),.6H,0 0.733 g KaCnOr + 10 

oAor« O' g/cm*) -f- HiO to make 1 1 of solution at 

^0 C. To dilute, use HjO. 


^ * Ni(NH4),(S0,),.6H,0 + 10 g (NH 

to make 1 1 

^ution at 20 C. To dUute, use aqueous solution of 10 g (NH 
SO, per 1 of solution. 

These solutions suitably diluted are used to equaUze vari 
color differences. The foUowing transmission data refer t< 
&cker photometer i^ing a 2« field and an effective brightness 
2.6 millilambert. Transmission measurements made with 
usual Lummer-Brodhun field (about 8” by Ifi") give a somew! 
higher transniis^on for the blue, and lower for the veUow soluti 
For the light from a standard 4 watt^per-candle carbon filam 
lamp (color temperature about 2077“K), the transmission of 
diluted yeUow solution is given by log.. T = -0.245C» *, and 

the blue by log.. T » -0.639C‘ where C = eoncentrktion 


number of cm* of stock solution (A or B) per cm* of the diluted 
solution, and T = relative transmission of 1 cm of solution at 
20®C = t$/tv, where = transmission of a 1-cm cell having 
colorless glass walls and filled with clear HjO at 20®C, and r, — 
transmission of same cell filled with the diluted solution at 20®C. 
Transmission = L 2 IL 1 where LilL^] — light incident upon front 
[leaving rear] face of cell. 

For the light from a source with a spectral distribution of light 
like that of a black-body at a temperature >2077°K the trans- 
mission of the yellow solution, when adjusted to give a color match 
with the 4 watt-per-candle carbon lamp, is given by logio T « 
-O.SeeCi ofi; see (>. 2 , 3 , 8). 

Filters for Testing Observers. — For a normal or average 
observer using a flicker photometer under standard conditions and 
the light from a 4-watt-per-candle lamp, the two following aqueous 
solutions have equal transmissions at 20°C when contained in 1-cm 
cells of colorless glass. Yellow solution: 72 g KjCrjO? to 1 1 
solution at 20°C. Blue solution; 57 g CuS 04 . 6 HsO to 1 1 solution 
at 20°C; see ( 2 , 4, 6, 7). 

Filters for Physical Photometers. — Any receiver which responds 

to radiant energy in a definite and quantitative manner can be 

used as a photometer if covered by such a filter that the resultant 

spectral sensitivity curve is like that of the eye. All such known 

receivers which are accurately reproducible are non-selective, and 

for such the best filter appears to be a 1-cm thickness of the 

following solution, supplemented by clear HjO sufficient to absorb 

practically all the infra-red (about 2 cm): 61.25 g CuCI|.2HjO -f- 

1'4.5 g Co(NH 4 ),(S 04 )». 6 HjO -f- 1.9 g K,Cr 04 + H,0 to make 1 1; 
see (4, 6). 
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DEFINITIONS^ AND SYMBOLS 


1 . The efficiency of a source is the ratio of the total luminous 
flux to the total power consumed (A. E. S. C. 46)(^,). 

2. The lu7ninous efficiency of the radiation from any source is 
the ratio of the luminous flux to the radiant flux from the source 
(A. E. S. C. 22)iE), 

3. The visibility factor for the radiation of a particular wave- 
length is the ratio of the luminous flux at that wave-length to the 
corresponding radiant flux (A. E. S. C. 18)(rx). (It is the lumi- 
nous efficiency of monochromatic radiation of that wave-length.) 

4. The relative luminous efficiency of a source or a radiation is 
the ratio of its efficiency to that of monochromatic radiation of 
maximum efficiency (about X = 0.555M)(^*r, E,). 

5. The relative visibility factor for a particular wave-length is 
the ratio of the visibility factor for that wave-length to the maxi- 
mum value of the visibility factor (A. E. S. C. 19)(Rxr), (ItLs the 
relative luminous efficiency of monochromatic radiation of that 
wave-length.) 

6 . Mechanical equivalent ^of the light of a given radiation = 
power radiaU'd per unit of luminous flux emitted = reciprocal of 
the luminous efficiency of the radiation. 

7. Least mechanical equivalent of light == mechanical equivalent 
of monochromatic radiation of greatest luminous efficiency (about 
X = 0.555M)(^a). 


If L = total luminous flux, R = total radiant flux, L = 

LxdX = f^TxRxdX, R = pRxdX, E = L/R, Er = E/(Ex)u^.- 
E/(Vx)n.^. = mE. 


The value found for L, and hence for m, depends to some extent 
upon the conditions of observation (intensity of illumination, size 
of field, type of photometer, etc.). As there is no general agree- 
ment regarding what these conditions should be, the following 
data have a tentative character and those obtained by different 
observers arc not always comparable. 


Table 1. — Relative Visibility Factor (Txr) of Monochro- 
matic Radiation (^) 

These values, applying to photometric fields of relatively high 
brightness, have been tentatively adopted by the International 
Commission on Illumination. They are accurately represented 
by the formula: Vxr = 0.9896(7?, -|- 0.0820(7?2C*-«i)“® + 
0.0650(7?3e*“*:.)’®®® + 0.0375(7?4C*~^4)*^®, where the 7?'8 are pure 

numViers defined by the equations X = — = 

K\ H2 

* The definitions, that are followed by the letters A. E. S. C. and a number, are 
those given by the American Engineering Standards Committ«e, and follow 
closely those adopted by the International Illumination Commiaaion. The 
remaining riuantities are not defined by thoee bodies, and it has accordingly 
been necessary to complete the list by definitions so worded as to be consistent 
with those adopted. Various authorities differ in terminology, and the defini- 
tions here given are not those elsewhere used and advocated by the writer. 


0.523 0.467 . , , 

M X IS the wave-length of the radiation considered. 

Mechanical equivalent = m/Vxr, m =* the least mechanical 
equivalent of light = 0.00161 watt/lumen; luminous efficiency of 
the radiation = V\r/m, Unit of X = 0.001m == 10 A; of Vxr 
1%, see Fig. 1; see also (2. »9»20). 



X 

V^r II X 

1 Ex. 1 

1 h 

1 Vxr 

400 

0.04 

630 

86.2 

660 

6.1 

410 

0.12 

540 

95.4 

670 

3.2 

420 

0.40 

560 

99.6 

680 

1.7 

430 

1.16 

660 

99.6 

690 

0.82 

440 

2.3 

670 

96.2 

700 

0.41 

450 

3.8 

680 

87.0 

710 

0.21 

460 

6.0 

690 

76.7 

720 

0.106 

470 

9.1 

600 

63.1 

730 

0.062 

480 

13.9 

610 

50.3 

740 

0.026 

490 

20.8 

620 

38.1 

760 

0.012 

600 

32.3 

630 

26.6 

1 

760 

0.006 

610 

60.3 

640 

17.6 



520 

71.0 

650 

10.7 


— 


Table 2. — Least Mechanical Equivalent of Lioht 

Value for green Hg-Iine, X =* 6461 A, was derived from direct 
radiometric and photometric measurements; that for black-body 
(B. B.), from photometric measurements and computation of total 
radiation, using indicated values of c and Ct; that for carbon lamp 
(C. L.), from measurement with and without a luminous efficiency 
screen. In column Vxr is indicated the relative visibility factor 
used in the reduction; mo[mJ = value of the least 
equivalent as reported by observer (as corrected to basis of Ta 
1, IT = 5.709 X 10->* watt cm"* deg"*, and U, = 14 330 
degree). The value found for m depends to some extent upon 
conditions of observation (illumination, size of field, ^'TP® 
photometer), and there is no general agreement regarding 
these conditions should be. Unit of (t =* 10"** watt cm"* deg » 
of Cl = micron degree; of mo. and m *■ 0.001 watt lumen • 

Lit. 

Tu 

(14. !•) 


Source 
6461 A 


T, 


C, I Vxr 


TTtc 


m 


5461 A 
ind C. L. 


(Assumed to be X of max. efficiency) 

I rin 


1.44 

1.59 


1.42 

1.61 
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Table 2. — (Continued) 


Table 4. — (Contintxed) 


Source J 


k 

c. 

Fxr 1 

tno 

m 

Lit 

6461 

(Observations of 

C. E. (») 

1.61 

1.61 

(») 


(» 4 , 

15 ) 

4 





B. B. 


6.7 

14 350 

H. F. C. (») 

1.60 


(») 

B. B. 


6.7 

14 350 

C. E. (2) 

1.65* 


(3) 

B. B. 

1 336(Au) 

t 

14 300 

1 

I (>>) 

1.68 


(«) 

B. B. 

1 336(Au) 

1 

t 

14 360 

I (“) 

1.69 

1.62 

1 

(®) 

B. B. 

2 035(Pt) 

5.7 

14 330 

G. T. (f) 

1.61 

1.61' 

(13) 


Recommended value 


1.61 



• Recomputation of oboervationa (•); here corrected to agree with their later 
Taluea (*•). t - 3.704 X 10“>* watt cm«. 

Table 3.— Luminous Characteristics of a Black-Bodt 
The relative luminous efficiency (Er) of the radiation from the 
black-body is computed on the bases of Table 1 and the radiation 
constants (<r « 5,709 X watt cm"* deg"*, C, - 14^0 

micron deg) chosen for I. C. T. (cf, (' ^)). Er — Vx^J'^dAy + 

^ J** Jj^dX^ ; J\ ■* monochromatic intensity of the radiation. B = 

brightness if least mechanical equivalent =* 0.00161 watt lumen 

e X 10"'. Unit of B = 1 candle cm"*. 


r, *K 

- XN A V • 

E 

f 

B 

* 

€ 1 

n' 

b \ 

n 

1 200 

6.02 

-6 

1.41 

-2 

1 400 

6.67 

-6 

2.42 

-1 

1 600 

2.82 

-4 

2.08 

0 

1 700 

5.41 

_4 

6.10 

0 

1 750 

7.26 

-4 

7.69 

0 

1 800 

9.67 

-4 

1.13 

+1 

1 860 

1.24 

-3 

1.64 

1 

1 900 

1.58 

-3 

2.32 

1 

1 950 

1.98 

-3 

3.23 

1 

2 000 

2.46 

-3 

4.44 

1 

2 050 

3.01 

-3 

6.96 

1 

2 100- 

3.64 

-3 

7.98 

1 

2 150 

4.36 

-3 

1.06 

2 

2 200 

6.17 

-3 

1.37 

2 

2 250 

6.06 

-3 

1.76 

2 

2 300 

7.06 

-3 

2.23 

2 

2 350 

8.16 

-3 

2.81 

2 

2 400 

9.36 

-3 

3.60 

2 

2 450 

1.07 

-2 

4.33 

2 

2 600 

1.20 

-2 

6.31 

2 

2 650 

1.35 

-2 

6.45 

2 

2 600 

1.61 

_2 

7.80 

2 

2 650 

1.68 

-2 

9.34 

2 

3 000 

3.09 

-2 

2.83 

3 

4 000 

8.07 

-2 

2.33 

4 

5 000 

1.190 

-1 

8.40 

4 

6 000 

1.353 

-1 

1.98 

5 


1.352 

-1 

3.67 

5 

8 000 

1.258 

-1 

5.82 

5 

10 000 

9.87 

-2 

1.116 

6 


vationa of (*> aa recomputed to baaia Cs » 14 330 but are a little greater; 
greateat difference ia 1.2 %. 

Table 4. — ^Luminous Efficienct of Radiation from Elec- 
trically Excited Gases and Vapors (<); ef . (*) 

E luminous efficiency; Er « relative luminous efficiency; 
color - color of light emitted; p « probably. Unit of B 1 
lumen /watt; of Er "1%. 


Gas 1 

Color 1 

E 

Er 

A 

Red 

0.24 

0.04 

As 


0 

0 


Gas 

1 Color 

1 E 

Er 

Br 

Blue-white 

! 0,06 

0.01 

Cd 

Blue-white 

1.6 

0.26 

a 

Blue 

i 0.08 
( 

0 01 

Cs 

F 

Blue-white 

<0.4 

O.lp 

<0 06 
0.02p 

H 

Red 

0.08 

O.Ol 

He 

White 

4.4 

0.71 

Hg 

Blue-green * 

11 

1.82 

Hg 

Blue-whitet 

126 

20.3 

1 

\\liite 

1.1 

0.18 

K 

Purple 

1.8 

0 28 

Kr 

Violet ' 

<0.6p 

<0. Ip 

Li 

Red 

: 


N 

Yellow-orange 

! 1.6 

0.26 

Na 

Yellow 

214 

34 

Ne 

Red-orange 

23.0 

! 3.6 

0 

Blue-white 

0.05 

0.01 

P 

Blue- white 

§ 


Rb 

Red 

0.24 

0.04 

1 

S 

Se 

Blue-white 

0.89 

Op 

0.14 

Op 

T1 

Green-white 

0.08 

0.01 

Xe 

Zn 

Blue-green 

1 

<lp 

0.13 

<0 20p 
0.02 


• Without condenacr. t 0.14 microfarad condenser in parallel with tube. 

X Vapor pressure too low for continuous discharge. } Too low to measure. 

Table 5. — Relative Luminous Efficiency ( Er ) or Radiation 

FROM Commercial Illuminants ('®) 


Unit of Er = 1% 

Source i 

Description 

i Er 

Incandescent electric lamps: 



Carbon, point source 

4 w.p.c., 99 volt 

0.45 

Tungsten, vacuum 

9.16 volt, 1.25 w.p.c. 

1 65 

Tungsten, vacuum 

97.0 volt, 1.1 w.p.c. 

1 84 

Tungsten, vacuum 

102.6 volt, 1 w.p.c. 

1.99 

Tungsten, nitrogen 

6.6 amp., 0.65 w.p.c. 

2.93 

Mercury arc 

1.7 amp., Pfund type 

30.5 

Nemst glower 

0.8 amp., stereopticon type 

1.08 

Gas lamps: 


> 

Incandescent mantle 

0.25% ceria 

0.5 

Incandescent mantle 

0.26% ceria 

0.7 

Incandescent mantle 

0.76% CeOi, solid chimney 

1.2 

Incandescent mantle 

0.75% CeOj, perforated 

1.26 


chimney 


Incandescent mantle 

2% ceria 

0.8 

Open burner 


0.19 

1 

Standard candle 

Sperm 

0.24 


Table 6. — Efficiencies of Commercial Illuminants (*2) 

Rating = commercial rating of lamp; S, = luminous efficiency 
of lamp; En- = relative luminous efficiency of lamp = mE„ m « 
least mechanical equivalent of light; w.p.c. — watts per mean 
horizontal candlepower; cp. = candlepower; amp. = ampere; 
D.C. [A.C.) = direct [alternating] current; BTU - British thermal 
unit; h.p.Q.p.] = high [low] pressure; 60 = 60 cycles per second. 


Lamp 

1 Rating 

1 E. 

1 E„ 

Incandescent electric: 

Carbon 

4 w.p.c. 

2.6 

0.42 

Treated carbon* 

1.25 w.p.c. 

8 

1.3 

Tungsten, vacuum 

600 cp., 20 amp., .0.6 

19.6 

3.2 


w.p.c. 
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Table 6. — {Coniinned) 


lyUnip 

1 Rating 

1 E. 

1 E.r 

In'MTiilcsrerit ( lectric (Conl'd) 

, 

i 


Tungsten, Mazda-C 

500 watt, multiple, 7 
w.p.c. 

15 

2.4 

I'Jectrir nrc: 




(''arbon, open 

9.6 amp., clear globe 

11.8 

1.9 

Carbon, endosedt 

6.6 amp., D.C. 

5.9 

0.96 

Carbon, enclosed f 

7.5 amp., A.C. 

5.6 

0.91 

Magnetite 

i 6.6 amp., D.C. 

21.6 

3.5 

Mercurv in glas.s 

1 40 to 70 volt, 3.5 amp. 

23 

3.7 

Mercury in quartz , . 

147 to 197 volt, 4.2 
amp. 

42 

1 

6.8 

Flaming, J enclosed; 




\\Tite, carbon 

: 10 amp., A.C. 

26.7 

4.3 

\Mute, carl)on . 

! 6.5 amp., D.C. 

35.5 

6.8 

Yellow, carbon 

10 amp., A.C. 

31.4 

5.1 

Yellow, carbon 

6.6 amp., D.C. 

34.2 

5 5 

naming, t open: 


1 


White, inclined 

10 amp., A.C. 

29 1 

4.7 

\\'iiitc, inclined j 

10 amp., D.C. 

27.7 

4.5 

Yellow inclined , ! 

« 

10 amp., A.C. 

41.5 

6.7 

Yellow, inclined 

10 amp., D.C. 

44.7 

7.2 

Moore nitrogen tube 

220 volt, 60-^, 113.17 
ft. 

5-21 1 

0.85 

Nernst lamp 


4.8 ( 

0.77 


■ Table 6. — {Continued) 

I Rating Y Et | 


Gas lamps: 

Acetylene 

Incandescent, I.p 

, ^ 

1.0 liter per hr 

0.360 lumen per BTU 

1 

0.67 

1.2 

0.11 

0.19 

Incandescent, h.p 

hr”* 

0.578 lumen per BTU 

2.0 

0.32 

Open flame 

Petroleum lamp 

hr“* 

Bray 6 in., h.p. 

0.22 

0.26 

0.036 

0.04 


• Ovftl, anchored filament. 


tinner, light opal; outer, clear; lamp provided with street reflector. A 
resistance ts in series with the A.C. arc. 

; Ornamental type of lamp, clear globe, standard electrodee, scriee reeisUnoe. 
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Part 


The Photochemical Equivalent of the Silver Halides c}, 

(9, S8, 41, 42, 43) 

ZAr “ sum of quanta absorbed per cm*, Nxm = number of 
silver atoms produced per cm* without development, N/Zhv = 
photochemical equivalent. 


Fast plate 


Process plate 


10 -»* 

X Zky 

N/Zkv 

io - i « 

X Zhv 

N/Zhp 

io ->« 

X Zky 

N/Zkv 

io - i « 

X Zhy 

N/Zhy 

0.39 

0.88 

3.00 

0.92 

0.86 

0.82 

6.50 

0.79 

0.41 

0.88 

6.00 

0.79 

0.96 

0.88 

6.40 

0.78 


0.93 

8.00 

0.71 

1.80 

1.08 

9.20 

0.73 

0.90 

1.01 

8.80 

0.67 

2 . 8Q 

1.06 

11.40 

0.62 

0.99 

0.92 

9.30 

0.68 

3.40 

0.83 

22.60 

0.38 

1.76 

2.30 

0.99 

0.98 

13.00 

0.50 

4.70 

0.76 

30.00 

0.33 


The Silver Reduction Equivalent of Photographic Developers 
By silver reduction equivalent (^as) is meant the nttm&er p/ 
atom9 of metallic silver reduced per molecule of developer oxidized. 
Temperature = 20^0 and Ag is added as excess AgBr except as 
otherwise indicated. 


Grams 

devel- 

oper 

Grams alkali 

Grams 

NatSOt 

Vol.. 

, cm* 

1 

Duration of 

1 

experiment 

Eas 

Lit. 



1. Quinol 



1.4 

KiCO., 20 

20 

ca. 300 

20 min 

4.3 1 

1 

(M 

1.4 

KiCOi. 20 

20 

ea. 300 

20 min 

6.0* ; 

(*) 

1.4 

KtCOi. 20 

j 20 

ca. 300 

30 min 

4.3 ! 

(*) 

1.4 

KtCOi, 20 

20 

ca. 300 

60 min 

7.8 i 

(*) 

0.11 

NaOH, 2.2 

0 

25 

6 hr 

6.4 

(*<) 

0.11 

NaOH. 2.2 

0 

26 

6 hr 

9.3t 1 


0.11 

NaOH, 2.2 

0 

25 

18 da 

7.8 

(»♦) 

0.065 

NaOH, 2.2 

0.063 

26 

1 

18 da 

7.8 

(*^) 

0.066 

NaOH. 2.2 

0.63 

26 

18 da 

8.9 

0*) 

0.066 

NH 4 OH, aq. 201 

0 

40 

8 da 

8.01 

(lA) 

0.065 

NaOH, 2.2 1 

0 

26 

16 hr 

10.611 

(>*) 


« 

2. 

Pyrogallol 




NH 4 OH 

0 



ca. 4ir 

(* •):«/. 


1 


1 



(*^) 

0.063 

NaOH. 2.2 

0 

26 

1 hr 

3.2 

0*) 

0.063 

NaOH. 2.2 

0.315 

25 

1 hr 

3.4 

0*) 



3. Pyrocateebol 



0.066 

NaOH. 2.2 

0 

26 

2 hr or 21 da 

4.6 

('*) 

0.066 

NaOH. 2.2 

0.316 

25 

21 da 

6.9 

0*) 

1.4 

KiCOi, 20 

20 

ea. 300 

21 min 

1.9 

(*) 



4. p-Ammophenol 



1.4 

1 KtCOi, 20 

1 20 

\ea. 300| 20 min 

1 3.9 1 

(*) 


Silver Reduction Equivalent. — (Continued) 


Grams 

devel- 

oper 

1 

Grams alkali 

Grams 

NaiSOi 

Vol., 

cm* 

Duration of 
experiment 


Lit. 



5. o-Aminophenol 



1.4 1 

1 KjCOi, 20 

20 

C42. 300| 20 min 

1 0.7 

!(*) 



6. Chlorquiool 



1.9 

1 KiCOi, 20 

1 20 

1 150| 1 hr 

I 6.7 

1 (*J 



7. 

Quioone 



0.054 

NaOH, 2.2 

0 i 

25 

1 hr 

3.0 

(X) 

0.054 

NaOH. 2.2 

0.63 

25 

1 hr 

' 4.9 

(**) 


8. Hydroxylamioe as 

NHiOH.HCl 



0.70 

NaOH, 25** 


100 

60 min 

1.1 

(**) 

0.70 

NaOH. 50** 


100 

60 min 

0.98 

(**) 

0.70 

NaOH, 12.6** 


100 

60 min 

1.01 

(**) 

0.70 

NaOH. 12.5** 


100 

60 min 

1.00 

(**) 

0.044 

NH 4 OH 



60 min 

2.00tt 

(*«) 



9. Hydrogen peroxide 



1.720 1 

1 NaOH 1 



60 min 

1.00 1 

(>*) 


* Excess AgBr added progresaiyely. (| Ag as excess AgiO. 

t < » 95-100^. ^ Ag as excess ammomaeal AgNOa. 

} Sp. gr. 0.9. •• era* of IN NaOH. 

1 Ag as AgNOi, 1.7 g. ft Aa as ammoniacal AgiO. 

It is clear that the so-called silver equivalent of a given develop- 
ing agent varies with the other constituents of the developer, the 
temperature, duration of nm, and the form and manner in which 
the silver is added. Gordon (3) found, further, that the equivalent 
varies markedly with the method of shaking. It is probable that 
none of the values represents an equilibrium system and all are 
therefore to be regarded as tentative. LOppo-Cramer (*♦), 
believes all determinations on silver haUdes in absence of emulsify- 
ing substances to be without photographic significance. 


Photographic Development Velocity Functions and Constants 

The rate of development may be measured by the increase of 
density, D, at a single exposure with time of develoiwnent, t, or 
more satisfactorily, and in closer relation to photographic theory 
and practice, by the increase of gamma, y, (constant or develop- 
ment factor) with time, t. 

The function for ( 7 , t) will be of the same form as for (D, 0> 
provided the straight line portions of the characteristic curves 
(q.v., p. 442) meet on the axis of exposures. If they converge to a 
point below the axis, as when soluble bromide is present^Hhen if a 
is the depression of density at the convergence point (cf. (**)) the 
function for (D -|- o), t will be the same as for 7 , t. 

For some emulsions the convergence point is above the axis, in 
which case the function for 7 , i should be compared with (D — a), t. 


1 


Forms of Development Velocity Equation 


Log form 


Exponential form 


Ki « log. 




- D 


D 


D 


K{t - <.) - log. 

K(\og. i - log, to) « log, ^ ^ 

log, K + b log, (f - to) - log, log. 
Kt - log, 


D 


- D 


■t - D 

K. = velocity constant of development. 


d , _ !>• 

(d H-b)(D^ - p€) D. - D 


D = DM - e-Kt) 

D = DM - e-R(t-u)) 

D = DM - c-^log,(/(o) 
D ^ DM - 


dt 

dD 

dt 

dD 

dt 

dD 

dt 

dt 


First derivative 
K(D^ - D) 


= K(D^ - D) 
= y(D. - D) 


Kr^(D^ - D) 


= /Tbtb-HD. - D) 
b -&D 

h(D* - D) + d 


(D. - D) 


(37) 

(37) 




t « time of development in any unit selected, to — empirical correction for the induction 
theoretical silver image density at infinite development. D =* measured silver image density at time, t. 
b, d, h “ empirical constants. as used in 1-4. In 6 , represents the mass (unknown) of the latent ixpage. 


period in development. D, 


^nation 1 holds only for simple iron oxalate development, 
and for. pyrogaUol-soda (fairly). Equation 2 is of much wider 
app cation but in many cases fails in the advanced stages of 
alkaUne development. Equation 3 has been found generaUy 
satisfactory by Niet* (*•) in his extensive experimental work. 


Equation 4 is equally satisfactory and sometimes holds over a 
wider range but is more difficult of application. Equation 5 is 
of theoretical significance as being based upon the conception of 
the reversibility of the development process; it contains too many 
undeterminable terms to be practically useful. 
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DEv^!LOP\fENT Velocity Constants and Related Data for 
Various Developers on the Same Emulsion (28 j 
Each developer contained 50 g NajSOa, 50 g NajCO, and 1.19 g 
KBr jH'r liter. Developing agents marked with an asterisk were 
of high purity, and others, excepting only edinol, duratol and 
eikonogeii, which wore the commercial protluct, were of better 
than commercial quality. D«, to, K ns previously defined. 
= ilieorctical plate contrast reached on infinite development. 


Developing agents all at 0.05 


Constants of Eq. 3 


molal conen. i 

1 

1 y » 

|fo, min 

1 K 

Toluquinol 

4.40 

1.67 

1 1.35 

0.63 

Diaininophcnol + alkali* 

4.2 

1.40 

0.6 

0.60 

7 )-Aminophcnol* 

4.2 

1.84 

1.0 

0.44 

7>-Amino-w^cresol 

4.0 

1.33 

1.24 

0.72 

Mcthyl-p-aminoo-cresol ,, . 

I 4.0 

1.26 

0.33 

0.60 

Pyrogallol* 

4.0 

1.22 

0.78 

0.57 

(’hlorcjuinol* 

i 4.0 

1.82 

1.3 

0.52 

Quinol* 

3.8 

1.26 

1.80 

0 . 95 

Dibromquinol 

3.8 i 

1.27 

0.80 

0.80 

p-Amino-o-crcsol 

1 

3.8 

1.27 

0.87 

0.70 

Bromquinol 

' 3.8 

1.73 

1.27 

0.66 

Eikonogen 

' 3.8 

1.43 

1.7 

0.47 

Monomethyl-p-aminophenol* 

3.6 

1.50 

0.70 

0 58 

Diaminopheno), no alkali 

3.6 

1.63 

0.36 

0.55 

Pyroeatccliol 

1 3.6 

1.68 

0.60 

0.52 

Dichl(»rquinol i 

3.6 

1.29 

0.80 

0.53 

Ixlinol ! 

3.6 

1.22 

1.9 

0.46 

Phonvlhvdrazine, no alkali 

3.5 


8.5 

0.03 

p-DimethvIaminophenol 

3.2 

1.18 

0.75 

0.61 

Ferrous oxalate* 

3.1 

1.29 

0.97 

0.55 

Bcnzyl-p-aminophenol (duratol) ... 

2.4 

0.98 

2.27 

0.34 

p-Phenylcncdiamine 

1.7 

0.58 

2.10 

0 34 


The Temperatiire Coefficient of Development 
Sheppard and Mees (36) found that in the case of ferrous oxalate 
development the temperature-development velocity relation was 
represented quite accurately by the integrated form of the Van’t 

Hoff reaction isochorc: log K = — ^ + C, where K = develop- 
ment velocity constant, A, C = experimentally determined 
characteristic constants, T - absolute temperature. 

The temperature coefficient for any development process for 
which the above relation holds is given by: 

Kt + 10 

«10 — 

A r 

Ferguson (") has proposed and successfully applied to general 
alkaline development the formula 

log b = 

At 

in which b = temp, coeff. for 1®C. A/, m = time of development 

giving equal factors at the higher and lower temperatures, respec- 
tively. At — temp, difference in ®C. 

Temperature Coefficient of Development 


Developing agent 

Tlatc or emulsion 

<*10 

Lit. 

Ferrous oxalate 

“A" 

1.60 

1 

Ferrous oxalate 

“B” 

1.90 

( 37 ) 

Ferrous oxalate 

“C” 

1.70 

( 37 ) 

Hydroxylarninc 

“C” 

2.00 

( 37 ) 

Quinol 


2.20 

( 37 ) 

Quinol 

"C” 

2.80 1 

( 37 ) 

Quinol (tabloid) 


2.25 

( 40 ) 

p-Aminophenol 

“C” 

1.50 

( 37 ) 

Metol 

"C” 

1.25 

( 37 ) 

Pyrocatechol . 

.<B-» 

2.80 

( 37 ) 

Glycine (tabloid; ... ^ 


2.3 

( 40 ) 

Metol-quinol 


19 

^40) 


-(Conlinited) 

Developing agent j Plate or emulrionl g.i, 


Rytol (tabloid) 

Rodinal (p-aminophenol) 

Pyrogallol soda, no bromide. 
Pyrogallol soda with bromide 
Pyrogallol soda, no bromide. 


Lit. 


2.2 
1.0 
1.5 
1.9 

Wratten Pan- I 2.0 
chromatic 

Imperial Ordi- | 1.71 
nary 

Wratten Instan- I 1 68 
taneous 

Pyrogallol soda, lu) bromide I Ilford Empress I 1.55 


Pyrogallol soda, no bromide 
Pyrogallol soda, no bromide 


Pyrogallol soda, no bromide 


IVrogallol soda, no bromide. . . . 


Pyrogallol 8(»da, no bromide 


Pyrogallol soda, no bromide 


Pyrogallol soda, no bromide 

Pyrogallol 6(jda with 0.1% bro- 
mide* 

Pyrogallol soda with 0.1% bro- 
mide* 


Imperial Special 
Rapid 

Ilford Special 
Rapid 
Wellington 
Rapid Special 
Barnet Extra 
Rapid 
Monarch 
Barnet Extra 
Rapid 


1.76 


( 40 ) 

( 40 ) 

( 40 ) 

( 40 ) 

( 20 ) 

(>*) 

('*) 

('*) 

( 12 ) 


Ilford Empress 


1.85 (>2) 
1.99 (12) 


2.01 ( 12 ) 


1.9 

2.01 


(*2) 


2.09 I (12) 


•Ferguson's results (•*) for bromided pyrogallol, only two of which art 
quoU^i for illustration, gave a temp. -coeff. of approximately 2 for all the pjates 
tested, irrespective of the unbromided values. Bromide apparently stabiliies 
the temp. -coeff., eliminating the emulsion effect observed by Sheppard and Meea 
(*’). Watkins records a like conclusion (<®). The tcmp.-coeff. of a developer 
is in general independent of its dilution. 

Suggested Watkins’ Factors (<®) 

Multiplication of the time cf first appearance of the image by 
the suggested factor should give a negative of average contrast; 
the factor may then be adjusted to fit the peculiar requirements 
of the individual worker. W'here the factor is evenly divisible into 

. Time of appearance in seconds . 

60, a divisor is given: trt— ; “ correct 

® Divisor 

development time in minutes. 

Except in the case of pyrogallol and amidol the factor is inde- 
pendent of the developer strength. Variation in alkali does not 
alter the factor. 

For sky, snow, and water negatives use a somewhat smaller 
factor, e.g.f ^ normal. For negatives devoid of high lights calcu- 



grams/fl. oz. 

mg/ml 

1 

Developer 

developer 

developer 

1 Br<v 


Bro- 


1 mide 

Pyro 

mide 


Factor (and 
divisor) 


Pyrogallol with 
Na,CO, 



Pyrogallol with 
Na,COj 


Adurol 
Kacbin 
P>Tocatechol 
Pyrocatechol cristoid 
Quinol (ruinimum bromide) 
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Developer 

Quinol (maximum bromide) 

Eikonogen 

Metol (Elon) 

Glycine with NaiCOi 

Glycine with KiCOi 

p-Aminophenol 

Amidol (2 grains/fl. oz) 

Rodinal 

Ortol 

Diogen 

Eklinol 

2, 4-Diaminophenol (dianol) 

Quinomet 

Metol-quinol* 


Factor (and 
divisor) 

4~5 
9 

30 (div. 2) 

8 

12 (div. 6) 
16 
18 
40 

10 (div. 6) 
12 (div. 5) 
20 (div. 3) 
60 (div. 1) 
30 (div. 2) 
14 


• The factors of combination developers depend upon the proportion of the 
two constituenta, and when they contain pyrogallol, no rule can be given for 
finding the factor when diluted. The use of potash as an alkali instead of soda 
seems, with most developers, to require factors from one-quarter to one-half 
longer. 

Reduction Potentials of Developers 
The reduction potentials of developers were originally defined 
electrochemical!/ (^)^ but it has been shown that stable potentials, 
corresponding to equilibrium mixtures of reducer/oxidation- 
products, are not obtainable for alkaline organic developers (3®). 
Relative reduction jwtentials were defined by Sheppard by rela^ 
tion to the theoretical equilibrium in development, and an empiri- 
cal method of determining them worked out (34). 

The relative reduction potentials tbt determined by the bromide- 
depression method of Sheppard as applied by Nietz (3*) is defined 
by the equation 

»Br “ kCo 

where. Co is the concentration of KBr required to produce an initial 
depression in the intersection point of the Hurter and Driffield 
curves; k is a constant as yet undetermined. 

RjBiiATivx Reduction Potential of Photogbaphic Developers 

(ZS) 


Developer 

Mole/1 

TBr, hydro- 
quinol = 
1.0 

Ferrous oxalate 

0.10 

0.3 

p-Phenylenediamine hydrochloride 

0.06 

0.3 

p-Phenylenediamine hydrochloride -f- 



alkali . . 

0 05 

0.4 

Methyl-p-phenylenediamine hydrochlo- 



ride 

0 06 

0 7 

Quinol 

0 05 

1 0 

p-Fhenylglycine 

0.05 

1.6 

Hydroxylamine bvdrochloride 

0.10 

2.0 

Toluquinol 

0.06 

2.2 

Metbyl-p-phenylenediamine hydrochlo- 1 



ride -b alkali 

0.05 

3.5 

p-Aminophenol hydrochloride . 

0.05 

6.0 

Chlorquinol 

0.05 

7.0 

j>-Amino-o*-cresol 

0.05 

7.0 

p-Dimethylaminophenol sulfate . 

0.06 

10.0 

Pyrogallol 

0.05 

16.0 

Monomethyl-p-aminophenol sulfate 

0.05 

20.0 

Bromauinol 

0.04 

21.0 

Metbyl-p-amino-o-cresol 

0.05 

23.0 

2, 4-Diaininophenol 

0.06 

30 to 40 
• 


D ■■ density of the image, wia# ■ 
fBAc/D photometric constant, E 
sitometrio constants" below). 

‘ CA Vol. VI, Metion by Ckmant. 


Rnage 

grams of silver per dm**, P * 
- exposure in mcs. (see “Sen- 


Density Range with Ferrous Oxalate Development; c/. 

(7, 17, 37) 


WP =« 

1.21 

1.31 

1.03 

1.031 1 1 19* 

D range 

0.625-1.97 

0.76-2.54 

0.5-2 0 


Lit 1 

(13) 

(13) 


(37) 1 f32; 


* No specific developer mentioned. Scheffers found that quinol, pyrogallol, 
metol, ferrous oxalate, and glycine gave identical results in his solarization 
experiments. Scheffers’ results indicate that the photometric constant of 
the developed solarized image progressively diminishes,, due to smaller silver 
grains being formed. 


Effect of Exposure (32) 


Log 10 E 

D 

P 

1 Logic ^ ! 

D 

P 

5.15 

0.08 

1.125 I 

0.95 

1.52 

' 1.184 

1 

4.55 

0.16 


0.35 

1.64 

' 1 195 

3.95 

Bill 

1.176 

0.25 

1 55 * 

1 

1.200 

1 

3.35 

BBI 

1.295 

0.85 

1.50 

! 1 133 

2.75 

0.86 

1.139 

1.45 

1 1.35 

1 126 

2.15 

1.01 

1.248 

2.05 

' 1.23 

1.089 

1 

1.55 

1.34 

1.149 

2.65 

; 1.12 

1.062 


Meidinger (27), developing with metol, has found that P varies 
with the grain size of the emulsion, a conclusion in accord with 
Higson (15) and Nutting (29). Meidinger concludes that for a 
given density, other factors constant, P is independent of exposure 
and development time. 


Effect of Grain Size (27) 


E, relative 

D, range 

1 

mA«, range 

Number of 
obser- 
vations 

P, average 


Fast plate, large grain emulsion 


1-26 600 

0.76-2.65 

1.45-4.63 

11 

1.82 

Process plate, fairly fine grain emulsion 


1-32 

0.26-^. 20 

0.26-3.8 1 

6 



Transparency plate, very small grain emulsion 
1-512 I 0.05-3,05 I 0,04-2.95 I 10 [ 0.83 


The “covering power” of silver grains is proportional to the 
reciprocal of the photometric constant and increases with decreas- 
ing grain size. Thus Meidinger (2 7'J found that the covering 
powers of a given mass of silver in the developed images of fast, 
process and transparency plates stood in the ratio 5: 9.1:10.6, a 
conclusion in qualitative agreement with Higson and Toy (7®). 
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Sensitometric Constants of Type Plates and Films 

The definition of the sensitometric constants usually employed 
for expressing the characteristics of photographic materials can 
best be accomplished by referring to Fig. 1 which shows typical 
characteristic curves. 

Density {D ). — The blackness, or light absorbing power of a 
photographic deposit is expressed in terms of density defined as 
follows: Let Fo » the luminous flux incident upon the deposit; 
Fi » the luminous flux transmitted by the deposit; 0 » opacity; 
D ^ density; T transmission. 


Then 



D = logio O - logio y 



Exposure {E). — E It (expressed in meter candle seconds^ 
mcs.); / = the illumination (in meter candles, me.) incident on the 
photographic material during exposure; t » exposure time 
(expressed in seconds, s). 

Spectral Composition of Exposing Radiation . — The values of 
speed given in the following table were obtained by using a light 
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source approximately equivalent to noon sunlight in spectral 

composition. The unit of photographic intensity is defined as one 

\ tsual candlepower of radiation equivalent in spectral composition 
fo nican noon sunlight. 

Camma {y).—y = tangent of angle a which the straight line 

j)ortion of the characteristic curve makes with the exposure axis. 

Gamma Infinity (7„). 7« is defined as the theoretical limiting 

value to which y approaches as the development time is increased. 

The values of 7 . given in the table are computed by the formula 
( 37 ), 

7» 


Speed {S).~-S = i x 10. Values \n table do not incluae the 
factor of 10. 

Sensitometric Constants for Type Photooraphic Materials 


Material 


Fog 

7 - 1 


K 


7« * 




where 7 , is the slope of the straight portion for the development 
time ti, and K is the velocity constant of development. 

\ ^locity Constatii of Development {K).^K = ^ log, — . 

t 72 — 71 



Time of Development for Gamma of Unity {ty = l.O). — The rate 
of development for practical purposes may be indicated by the 
time of development required to give a gamma of unity. The 
values determined experimentally for the various type plates and 
With the developer made up according to the appended formula 
arc given in the table of constants. 

Pog {F). Fog IS defined as the density produced when the plate 

IS developed without exposure. This value naturally depends 

upon the extent to which development is carried and the values 

given in the table are for a development time which would result 
in a gamma of unity. 

Latitude (L).‘ L = length of the projection (expressed in 
exposure units) of the straight line portion on the logio E axis, 
assuming development to a gamma of unity. 

Inertia (t). t = the value of exposure where the straight line 
portion of the characteristic curve extended cuts the log,© E axis. 
The straight line portions of curves plotted for different develop- 
ment times in general intersect in a point 0 which may lie above, 
on, or below the log,© exposure axis. The value of f, therefore 
may depend upon the extent to which development is carried. 

The values of 1 given in the table were determined for a gamma of 
unity. 

• Sometimes called Scale, $ee (*). 


1. Cine, Extra Fast 

2. Cine, Normal 

3. Cine, Panchromatic... 

4. Cine, Positive 

5. Portrait, Extra Fast . . . 

6. Portrait, Norn^al 

7. Amateur Film 

8. “Focal Plane” Plates. . 

9. Commercial, Ordinary. 

10. Commercial, Ortho- 

chromatic 

11. Commercial, Panchro- 

matic 

12. Process, Ordinary 

13. Process, Panchromatic. 

14. Lantern Slide Plate. . . 


7 * 


t (for 
7 = 1.00) 


0.20 
0.15 
0.15 
0.03 
0.18 
0.15 
0.15 
0.15 
0.05 

0.12 

0.15 
0.03 
0.10 
0.03 


0.10 

0.14 

0.15 

0.23 

0.10 

0.10 

0.10 

0.10 

0.10 


0.14 


0.15 

0.18 

0.12 

0.22 


1.4 

1.3 

2.0 

2.7 

1.4 

1.8 
1.8 
1.7 
2.2 


8.5 

8.5 

3.5 

1.2 

8.5 
5.0 

5.0 

6.0 

3.0 


>100 

64 


1.0083 
!0.014 


2.2 4.0 


500.025 
32 0.500 
11000.0083 
640.0166 
32 0.022 
64 0.010 
32 0.050 

600.033 


2.3 

3.0 

3.0 

3.0 


3.5 

1.6 
2.0 
1.2 


32 

16 

16 

16 


0.050 

0.260 

0.143 

0.600 


Formula for Labobatory Pyroqallol Developer 


Solution A 

g 

1 Solution B 

g 

Na,SO, 

70 

AnKvH 

75 

1 

NallSO, 

17 

KBr 

Pyrogallol 

Water to 1 liter 

! 20 

1 

Water to 1 liter 


Spectral Sensitivity of Photographic Materials 


purposes 


^ ^ ^ ^ ^ V* • IJOliA Tl vjr A J^A CAV I A CERA 

is shown qualitatively by means of Tvedge spectrograms. These 
are made by the use of a spectrograph over the slit of which is 
mounted a wedge of neutral gray gloss, the transmission of which 
decreases logarithmically from the thin to the thick end. The 
wedge constant was 0.75/mm. In this way the exposure incident 
on the photographic material for any particular wave-length 
decreases logarithmically in a direction parallel to the slit of the 
instrument. When such an exposure is developed the silver 
deposit on the plate outlines approximately a curve which is the 
resultant of the spectral sensitivity function of the material and the 
spectral distribution of energy in the radiation emitted by the source 
used for illuminating the slit of the instrument. 

I The source used in making the spectrograms (l^gs* 2 and 3) was 
the acetylene fiame which operates at the -color temperature of 
2360®K. All plates were given the same exposure. Since the 
same source was used in all cases, the curves as outlined by the 
light areas show the relative spectral sensitivity of the various 
materials. By the application of a correction based upon the 
spectral distribution of energy radiated by a black-body at 2360*K, 
an approximation to the actual spectral sensitivity of these 
materials may be obtained. The neutral glass wedge used over the 
slit of the instrument while fairly non-selective in absorption for 
radiation of wave-lengths longer than 450 m>i, increases in density 
for radiation of wave-lengths shorter than 450 m^. The apparent 
falling off in sensitivity in the region of wave-lengths shorter than 
450 m/i is therefore due to excessive absorption of the neutral 
wedge rather than to a decrease in the spectral sensitivity of the 
material (2e» 39)_ 

Resolving Power, Sharpness, and Astro Gamma 

Resolving Power 

The capacity of the photographic plate or film to render fine 

• •• - • • • • • /n\ Reeolviog 


photographing 
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grating consisting of alternate light and dark lines, earh linr* heint; 
of a width equivalent to the space between the consecutive* lines. 
Resolving power is then specified by stating the number (jf iire-.s 
per mm resolvable by the material. For detailed descriptions of 
methods, v. (2*i 3^). 

In Table 1 are given the values of resolving power, a.s deter- 
mined by the fan method (2®), for a group of materials diflering 
widely in sensitivity. Pyrogallol developer was used in all case's 
with the exception of the albumen plate, which was dcvelop<*d 
physically. The light* source used in making the exposure was a, 
gas-filled tungsten lamp operated at approximately 2800°K. 

Table 1 (*») 



Plate 


Relative 

speed 


0. 
3. 
5. 
6.0 
10.0 

150.0 
200 . 
400. 

450.0 


Resolving 

power 


125 

81 



Albumen 

W and W Resolution 

W and W Slow Process Pan 

Seed Lantern (yellow label) 

Positive Motion Picture Film 

Seed 23 

W and W Panchromatic 

Seed 30 

Seed Graflex 


The resolving power of a photographic plate is dependent to a 
certain extent upon the reducing agent used in the developing 
solution. It is also dependent to a certain extent upon the length 
of time of development and upon exposure. For any given photo- 
graphic material and developing solution there is a combination of 
development time and exposure which gives a maximum resolving 
power. Values of. maximum resolving power, as determined by 
the fan method (2*), for various developers are given in Table 2, the 
light source being a gas-filled tungsten lamp operated at 2800°K, 

Table 2 (i®) 


Maximum 

Developer resolving 

power 


Pyrogallol, NaOH 

Glycine 

Quinol [ 64.0 


Exposure 
(in sec) 


Develop- 
ment 
(in min) 


Pyrogallol, NatCOi 64.0 

Metol-quinol 64.0 

Metol 63.0 

Nepera. 62.0 

Pyrocatechol 62.0 

Pyro-metol 62.0 

Eikonogen-quinol 61.0 

Ferrous oxalate 61.0 

Caustic quinol 67.0 

Eikonogen 67.0 

Amidol 51.0 

Kachin . . . 64.0 

Ortol 49.0 

p-Aminophenol 49.0 

Edinol 47.0 


Eikonogen u* .w 

Amidol 51.0 

Kachin . . . 64.0 

Ortol 49.0 

p-Aminophenol 49.0 

Edinol 47.0 

< 


Curves showing the relation between wave-length and resolving 
power (fan method) for Seed 30 (S30), Seed 23 (S23), Seed Process 
(SP), and Wratten and Wainwright Process Panchromatic 
(WWPP) are shown in Fig. 4 (2®i 2i). 

The increase in resolving power resulting from bathing the 
material in a solution of yellow dye prior to exposure is shown by 
the curves marked (YD). The ordinate values are in lines per mm 
(fan method) which can be resolved under the conditions specified. 

Values of resolving power determined by using series of parallel 
lines may be more directly applicable for practical purposes 
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espf-riully from the standpoint of spectroscopy. In Table 4 (®) 
are j'lven values determined in this way for a series of typical 
photograpliic materials. The test object was illuminated by light 
ot daylight quality. An image, at a magnification of 0.05, was 
projected on the surface of the photographic material by means of 
a highly corrected Ions. The exposures were such that a deveIoi> 
rnent to gamma of unity in pyrogallol at 20®C gave the maximum 
resolving power. 

Sharpness 

The “sharpness” characteristic of a photographic material is 
defined as the differential of density {!)) with respect to distance 
(«) in a direction j>ert)endicular to the edge of the image; sharpness 
(5) = cLD/ds, where s is expressed in microns (0.001 mm). 



4 » 


55o Coo 

Fio. 4. 


090 




The images used for determination of sharpness are obtained 
by making a contact print of a very carefully prepared knife edge. 
The exposing radiation used in making the print is carefully colli- 
mated and incident normal to the surface of the material being 
examined. 

The sharpness of the developed image depends upon the extent 
to which devehipment is carried and this is specified by the value 

of gamma ( 7 ), dTp^' 

The curves of Fig. 6 (3®* 3*) show the relation between sharp- 
ness and gamma for various developers. The plate used in 
obtaining these values was a Seed Panchromatic and the exposing 
radiation was monochromatic of wave-length 440m^. 

Sharpness is independent of exposure, at least over a consider- 
able range, as shown in Table 3. The term “light exposure” 
is used to designate an exposure resulting in an image density of 
approximately 1.0, while the term “heavy exposure” is used to 
designate an exposure resulting in an image density between 2.0 
and 3.0. The plate used was a Seed Panchromatic developed in 
'caustic hydroquinol. 

Tabus 3. — Density Gradients 

X - 420mM i X - 520mM I X - S60m*i 


Development time, 

min. 

0.75 

1.5 

3.0 

0.75 

1.5 

3.0 

0 75 

1.5 , 

3.0 

For light ezj>o6ure- . . • 

0.107 

0. 136 

0.143 

OfOSl 

0.059 

0.060 

0.053 

0.070 

0.0S3 

For heavy erpoeure. . 

0 11^ 

0.133 

0.161 

0.045 

0.061 

0.063 

0.056 

!o.064 

10.086 


The relation between sharpness and wave-length of the exposing 
radiation ia shown in Figs. 6 and 7 (30, 31)^ the fonner appl 3 ring to 
a panchromatic (Seed Panchromatic) and the latter to an ortho- 
chromatic (Standard Orthonon) material. 

Values of sharpness for a group of typical materials are given 
in Table 4 (6). The quality of light used in making the expo- 
sures was equivalent to average daylight. The exposure was eo 
adjusted that development to gamma of unity in pyrogallol at 




20®C gave an image density of unity. The values of sharps®* 
express the diffuse-density gradient (dZ)/d«)of the strwght 
tion of the sharpness curve obtained by plotting diff q{ 

(£)) as a function of the distance («) from the geometrical edg 

the image. 

Astro Gamma 

Astro gamma is defined as the coefficient (b) of logic ^ 
Scheiner equation, which gives the relation between the ^ 

(D) of a stellar image and the exposure {E)' Z> a + '• 
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^ce exposure (E) - intenaity (/) X time (!) this equation offers 
a meft Pff of -determining the relative brightness of stars by me^tsure- 
ment of the diameter of the stellar images obtained under known 
conditions of exposure and development. The ordinate values 
used in plotting Fig. 8 are relative and must be multiplied by 
3.33 (1/logio 2) in order to obtain actual values of astro gamma 

as defined above. 

In Table 4 («) are given values of astro gamma for a group of 
typical photographic materials. These values were determined 
by jAotographing with a highly corrected lens, using a magnifica- 
tion of 0.06, a circular aperture having a diameter of 0.66 mm. 
Exposing radiation was of daylight quality and intensity was so 
adjusted that an exposure of 1 second was just above the threshold 
value. Keeping the intensity factor constant, the exposure time 
was increased by consecutive- poweie of 2 from 1 to 612 seconds. 
The exposed plates were developed to a ga mma of unity in standard 
pyrogallol at 20®C. 

Table 4 


*The growth of the diameter with the log exposure deviates much from a 
linear relationship. The value giveci is the average of the values over the whole 
range of exposures. 


Fio. 7. 

ReUtive Photographic Efficiency of XUnminanta (3>) 

C *• luminous efficiency of source (lumen/watt). Er * rela- 
tive photographic efficiency of source evaluated on basis of equal 
viHual intensities, sunlight - 100%. E. « relative photographic 
efficiency of source evaluated on basis of ctqual energy consumption 
by the source, sunlight 100%. 


Efficien cy of lUuminants. — {CoTiiinued) 

I I Photographic material 


Source 


Ordinary 


fi»in 160 

Sky 

Acetylene 0.7 

Acetylene (serened)* 0.07 

Pentane 0.45 

Mercury arc In quart* 40.0 

Mercury arc in nultra glass 35.0 

Mercury arc in crown glass 37.0 ^ 

Carbon arc, ordinary 12.0 | 

Carbon arc, white flame 29.0 

Carbon arc, cncloeed 9.0 

Carbon arc, "Aristo" 12.0 

Magnetite arc 18 0 

Cairbon gl6w lamp 2.4 

Carbon glow lamp 3.2 

Tungsten (vacuum) 8.0 

Tungsten (vacuum) 9.9 

Tungsten (gas flUed) 16.6 

Tungsten (gas filled) 21.6 

Tungsten (Ci) 8.9 

Tungsten (Ci) 11.0 

Mercury vapor 23.0 



♦ Screened with Wratten No. 79 filter. 


Er\ g# 

100 100 
181 

30 0.14 

81 0.037 

18 0.053 

600 158 
218 50 
324 79 
126 10 
257 62 
175 11 
796 62 
106 12 
23 0.37 

25 


33 

37 

56 

64 

95 

108 




0.37 

0.51 

1.7 
2.4 
6.1 
8.9 
5.6 

7.8 
47 


Ortho- 

chromatic 

Er I 

100 100 
155 ■ 

44 0.21 

85 0.040 

28 0.086 
600 132 
195 46 
275 68 
lU 0 
234 45 
177 11 
070 86 
115 14 
32 0.52 


Panchro- 

matic 


_Er ^ 

100 100 
130 


0.24 
a. 042 
0.13 


275; 

lu; 

234i 

177 

1070 

115 

32 

35 

41 

45 

62 

68 

87 

99 

354 


367 99 
165 39 
249 62 


104 

215 


8.5 

4.2 


0.74 

2.2 

3.0 

6.8 

9.8 

5.2 

7.3 
54.2 


165 10 
,744 60 
82 10 
42 0.68 

0.95 
2.7 
3.6 
... 7.7 

76 11.0 
95 5.6 

106 7.9 

273 42.0 


Ai 








C 

a 


Coffocha] Qalmsihed) 


CoBcNto 


.§ 

'I 


400 


490 


900 


Len^h 

55o 
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1 

Gloss of Photographic Papers j 

Definition of With the surface illuminated by a colli- j 

mated beam of light inddent at 26® from the normal to the surface,! 
B* is the brightness of the sample as observed on the line of; 
specular reflection (angle of observation equal to angle of incidence) , 
and Bd U the brightness of the surface observed normally. 

Specular brightness, (B.) « B. - Bd; diffuse brightness, (Bd) « 

Ba; glow (O)-^ - 1- \ 


Range or GiiOss Values 


Matte 

0-1 


4 Actual limit 


Semi-matte 

1-3 


Semi-gloss 

3-7 



OSS 


- 76. 


These values apply to samples which were fixed out without 
exposure and hence represent the white paper without any deveU 
oped silver deposit (**). 
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PROPERTIES OF SOAPS AND THEIR AQUEOUS SOLUTIONS 

James W. McBain 


A soap is here defined as a 
salt of any monobasic aliphatic 
acid containing six or more car- 
bon atoms. The substance 
cetylsulfonic acid is also classed 
as a soap. 


Contents 

Symbols and molecular weights 

Conversion formulae. 

Eciuilibria within soap solutions. 

Viscosity. 

Density. 

Surface tension. 

Melting points. 

Phase-rule equilibria. 

Solubility. 

Freezing-point lowering. 

Boiling-point elevation. 

Refractive index. 

Electrical conductivity. 

Gold numbers and detergent 
action. 

Hydration. 

Hydrolysis. 


Un savon est d^fini ici comme 
4tant un sel de tout acide ali- 
phatique monobasique conte- 
nant six atomes de carbone ou 
plus. La substance acide c4tyl- 
sulfonique est aussi classic 
corame savon. 

MATlfeRES 

Symboles ct poids mol^culaircs. 

Formules de conversion, 
fiquilibres dans les solutions de 
savons. 

Viscosity. 

Density. 

Tension superficielle. 

Points de fusion, 
fiquilibres d’apr^ la r^gle des 
phases. 

Solubility. 

Abaissement du point de con- 
gelation. 

fiievation du point d ’ebullition. 

Indice de refraction. 
Conductibilite eiectrique. 
Nombres d’or et action deter- 
sive. 

Hydratation. 

Hydrolyse. 


Die Seife ist hier definiert als 
ein Salz irgend einer aliphati- 
schen einbasischen Saure, welche 
sechs Oder mehr KohlenstoCfa- 
tome enthalt. Der Stoff C^etyl- 
Bulfonsaure ist als eine Seife 
klassiEziert. 

Inhaltsverzeichnis 
Symbole und Molekularg^ 
wichte. 

Konversions Formeln. 
Gleichgewichte in den 
Seifenlosungen. 

Viskositat. 

Dichte. 

Oberfl^henspannung. 

Schmelzpunkt. 

Phasengleichgewichte. 

Loslichkeit. 

Gefrierpunktserniedrigung. 

Siedepunktserhohung. 

Refraktionsindex. 

Elektrischc Leitfahigkeit. 
Goldzahlen und Reinigungs- 
vermogen. 

Hydratation. 

Hydrolyse. 


Si intende qui per sapone il 
sale di un acido alifatico mono- 
basico qualunquecontenente sei 
o piii atomi di carbonio. L' 
acido cetilsolfonico d conddo- 
rato anch’ esso un sapone. 
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Simboli e pesi molecolari . . 446 


Formule di conversione... . 447 
Equilibri nelle soluzioni di 


sapone 447 

ViscositA 447 

DeneitA 447 

Tensione superficiale 449 

Punti di fusione 449 

Equilibri dal pun to di vista 
della regola delle fast — 451 
SolubilitA 454 


Abbassamento del punto 

di congelamento 

Ihnalzamento del pimto 

di eboUizione 

Indice di rifrazione 

ConducibilitA elettrica. . . - 
Numeri di oro e azione 

deter^ente 

Idratazione 

Idrolisi 
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458 

458 

458 
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Symbol 
% 

Xa^ 
KC, 
XaC:* 
KC, 
NaC# 
NaC 
KC,n 
NaCr, 
KC., 
XaCu 
KC.. 
NaC„ 
KC„ 
NH.C.b 
NaCu 


(reap. A^,) 
Name 


Symbols and Molecular Weights 

Gram-moles per kg HjO (resp. per I solution), 

Mol. wt. II Symbol 


Caproate or hexoate. 

Caprylate or octoate 

Nonylate 

Caprate or decoate . . 


Laurate. . 
lAurate. . 
Myristate 
Myristate 
Palmitate 
Palmitate 
Palmitate 
Stearate. . 


% = weight per cent 
Name 


Mol. wt. 


138.082 

' KC 18 

154.180 

NaC,, 

166.113 

CiftSO,H 

182.211 

CuSOiNa 

180.128 

NaCr,* 

194.143 

Kcr,* 

210.241 

NH,C7, 

222.174 

NaC;7 

238 . 272 

KCr*- 

250.205 

NaCr, 

266.303 

Kcr, 

278.236 

NaCTT- 

294.334 

KCTT 

273 . 278 

NaCr.OH 

306.267 

KC^TsOH 


Stearate. 

Behenate 

Cetylsulfonic or hexadecanesulfonic acid.. 

Cetylsulfonate 

Oleate 

Oleate 

Oleate 

Linolate 

Linolate 

Enicate 

Erucate 

Linolenate 

Linolenate 

Ricinoleate 

Ricinoleate 


322.365 
362 . 328 
306.327 
328.316 

304.251 

320.349 
299.293 
302.236 
318.334 
360.313 
376.411 
300.22 
316.318 

320.251 

836.349 


• The symbol C,^ i« uaed in the tables for olestes only, the st -reoisoraerlc elsidates being named Id full. 
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Conversion Formulne 
Mol. wt. X N« 


Mol. wt. X N. + 1000 


Mol. wt. '' 100 - Wt. % 

Wt. % X density of solution X 10 


’ Mol. wt. 

Etjuilibria within Soap Solutions 

The diagrams, Figs. 1-19, represent the proportions of the 
various constituents in equilibrium with each other in the soap 
solutions. They are obtained primarily from a comparison of con- 
ductivity and osmotic data but some of the results are confirmed 
by measurements of Na and K! ion by emf, ultrafiltration, etc. 
In each concentration the sum total of constituents contaimng 
fatty acid radical is taken as 100 % (the total height of the diagram) 
which is the sum of the following : Colloidal neutral u n dissociated 
soap, crystalloidal undissociated soap, fatty ion and fatty ion 
aggregated as ionic micelle; in addition there is free Na or K ion 
equal in amount to the number of equivalents of free fatty ion plus 
the fatty ion in ionic micelle. To read off the actual concen- 
tration of any one constituent at a given concentration the width 
of the field representing that constituent must be multiplied by 
the total concentration of the solution. The uncertainty in the 
position of the boundaries between fields is estimated as about 
10% of the total amount 6f soap. For further description, see 
(**). Constituents of a soan solution containing added salt 


N 

8 

8 ' 

A 

M 


Stbcbols 

Neutral colloid, e.p., (KC^)«. 
Simf^ soap nM}lecule8, e.p., KCn. 
Simple fatty ions, c.p., C7|. 

Acid soap, 

Ionic micelle, e.g. (C7|)». 


Viscosity 

Values of If in poises 

SoLunoMB ov Pubs Soaps. See Fiqb. 20, 21, and 22 

Capillary viscometer with absolute dimensions such that 
kinetic correction ' did not exceed 1%. Viscoeity compared with 
that of water at 20** taken as unity (*^). 


Soap 1 N, at 90' 


KCi, 

0.2 

0.376 

0.4 

0.6 

0.8 

1.0 

KCi4 0.064 

0.216 
0.431 
0.649 
0.816 




Kpr, 0.062 

0.2 

0.376 

0.4 

0.6 





oO® 


46 


60* 


90 


1.16 0.671 0.632 0.362 

1.41 1.13 0.846 0.661 0.434 

1.16 0.906 0.604 

1,66 1.24 0.962 0.626 

2.61 1.97 1.64 1.03 

4.01 3.04 2.37 1.65 

8.42 6.94 6.38 4.24 2.81 

0.896 0.672 0.619 0.346 

1.32 0.983 0.762 0.497 

2.83 2.17 1.63 1.26 0.825 

4.94 3.84 2.87 2.22 1.45 

9.34 7.67 6.86 4.66 2.86 

39.1 36,2 28.3 17.7 6.47 

1.19 0.06 0.709 0.546 0.364 

1.87 1.47 1.10 0.837 0.600 

. . . 

1.91 


1.96 

2.08 1.66 
3.28 2.61 

4.97 4.01 


1.03 

2.37 I 1.66 



2.83 2.17 


4.1 


1.39 0.919 


8.02 4.69 3.12 1.99 1.13 
1673 60.22 18.03 3.80 


SmfuriMer the foUowing references; NaCi., KCx. (»» •»), KCT, 
<«»), NaCii (••), NaCr, (••), NH4C7, (s, i», S4, ss), Na salt of 
fatty adds from UUow and from coconut oil (••). K and NH4 
salts of fatty acids from palm kernel oil (ST, ss, si). 


Viscosity op Soap Solutions with Additions of Other Solutes 

Bibliography only 


Soap I Addition | Lit. 


KCi, KOH 

KCx, KCr.a + KOH) 

KCfs KOH 

K (palm)* KOH 1 

KCI f 

K (palm)* Glycerol 1 

Acetone ( 

K (palm)* KjCOa 

KOH I 

K (coco)t KCI 1 

KCu / 

NaCxi NaOH 

NaCia NaCl 

Na,CO, 

NaC,H, 0 , I 

NaOH ] 

NaCl [ (* 2 ) 

KCI 

NH 4 (palm)* NHi 

NH4CI (*») 

Both 


# Palm kernel oil acida. t Coconut oil acida. 


(»*) 

(") 

( 2 .) 

( 51 ) 

( 56 ) 

( 108 ) 

(««, 

91 ) 

( 22 ) 


Density (Specific Gravity) 
dj = A + kW,; Vai-ukb of d.*: A = 0.9986 


Soap 


NaC,* 11.003 


di* of H,0 




NaCl,*.... 1.001 
NaCr, 0.9990 0.9996 


9998 


9990 



NaCr,OH. -11.000 |1.0013 

• Volume Dormality (iV*) ftod dj*. t Not linear. 


0.6N, 

l.ON. 

1.016 

1,030 

1.0036 


1.0047 


1.0024 


1.0060 


1.0097 

1.017 


-HO. 0098 

-HO. 0122 
-HO. 0076 
-HO. 0148 

t 


Values of dV; A = 


Soap I 0.2N 




A = 0.9653 = dl" of H,0 


l.OAf, 


0.972 0.982 0.998 +0.033 

0 . 9702 0 . 9777 0 . 9902 +0 . 0249 
0.9690 0.9744 0.9833 +0.0180 
0.9689 0.9743 0.9833 +0.0180 
0.9668 0.9692 0.9731 +0.0029 
0.9676 0.9712 0.9770^+0. 01 17 
0.9668 0.9666 0.9678 -0.0026 
0.9667 0.96880.9723 +0.0070 
0.9647 0.96390.9624 -0.0029 

+0.0027 
-0.0108 
0.9637 -0.0016 
- 0.011 
-0.0080] 


0.9669 

0.9631 

0.9660 


0.96312 

C..80.H 10.9637 |0.9613| 

For the K salt of palm-kernel oil (also with added KOH) 
60°, and 90°, v. (*t). For the NH. salt of palm-kernel oil 

46° and 60°, t>. (*»). 

Valoeb of dj FOB 0.1 AT, Solotionb (*) 


NaC,, 

KC„ 0.994 


Lit. 


( 16 ) 

( 18 ) 

( 26 ) 

( 16 ) 

( 70 ) 

.(»•) 

(TO) 

( 16 ) 

( 16 ) 

( 16 ) 

( 16 ) 

( 16 ) 

( 26 ) 

at 20 
at 20 
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02 a4 06 08 1.0 

^ Total concenfrarion of 
too 


0.2 04 0.6 08 10 1.2 U 

Total concemratlon of soKiTlon 


02 04 08 08 IX) 1.2 U 02 ^4 06 08 

Total ooncermwion Of aohit»on(Pii5-» Tbm conantr e tion of aofcrtion^Q-» 


f 


f 

£ 




02 04 06 08 1.0 1.2 

Total (MncefTtratlon of soiutlon(Nj- 


14 0.2 04 06 OB LO 

Tbtal co ncentration of soiutloo(MJ-^ 


02 04 06 OB IB 12 

Total concentr a flon of 80liinon(Nj^ 


14 02 04 06 08 , 

TbiB concenrration of 


0.2 0.4 0,6 OB 1.0 • 12 

Total concentration of 5oiutioo(Nw)-^ 


02 04 06 OB 

Total ooneentration of 8olution(N^ 



10 0.2 0.4 0.6 

Total concentration 


IB 02 
Ibtconcemratton of 9 o 19U 


01 02 0.3 04 0.1 02 03 04 03 06 

%tCBnceniraTnnafaoi(NJ-^ Tot concentration of sol-OO"* 


02 04 0.6 ,0B 

Total concentration of soMion(N|^‘ 



RMirtva ¥iKoeity 






SOAPS AND SOAP SOLUTIONS 


VALfJKB OF di FOH NAC7g 

For the anhydrouB soap, dY= 0.821 


16 (»«) 20 (32) 


0 («) 10 (S3) 


0.01 
0.1 
.2 




1 . 001 * 

1 . 001 * 
AAO* 



0.9983 

0.9984 

0.9989 


0.2 

0.4 

0.6 


1.0012 

1.0040 

1.0068 


1.0005 

1.0029 

1.0062 


VALtJEB OF d\ 

lO.OOOll 0.001 1 0.01 I 0.057 


Lit 


0.9991 

0.9991 

1.001 1.003 

0.9484 

0.9986 

0 . 9986 

0.9973 0.9986 

0.9973 

1 

0.9973 

0.99740.9977 


0.5 0.75 1.0 1.5 I Lit. 

N»C#,d5J 1.004 1.020 1.0311.0401.057 (8^) 

NaCir»* 23.8” 0.9981 1.0011 1.0031.005 (SS) 


^ CooeeAtrfttions are weight-normal iN «•) . 


SoLimoMB OF Soaps with Addxtionb of Ai^kau, Fattt Aoxd 

AMD Salts 

NsC, (3*); NaCu (TO); KC., » - 6, 8, 10, 12, 14, 16, 18 (»«); 
KC„ (lOi); NaCu (»0f 00. »»); NaCr. (».»). 

Surface Tension 

Imtbbpacb AiBp-Aqdkoos SoLxmoM 

Sodium oleate has been by far the most frequently and carefully 
measured, but rarely are the effects of age of solution and of age 
of surface mentioned. For the effect of the latter, p. (O*). Values 
of 7 in dyne/cm for aqueous solutions of various soaps are shown 
in Figs. 28, 24 and 26. For mixtures of soaps in water at 60”C, v. 
(*»•). 

Additional Lit.: NaC^, (T, lo, si, 4*, ss, S4, ss, »s, or, loi, los, 
>*•» ni, las, las); NaC,. (»*»); NaC„ (•. »*t); NaC. (»»); KCr. 
(•* »*); NaC,», „ (IS); MgPr, (»*). 


Liquid-Liquid Interface 

See (1®I 31» 32, 43, 63, 103, 113, 114, 117) and Vol. IV, p. 438. 
In no case have the compositions of both phases been completelj 
determined and all factors controlled. For example, interfacial 
tension of benzene against aqueous sol utions of NaC7tat 20 C (32 j . 

inaV- I O.Ol O.ll 0.251 0.5| 1.0| 2.5 |5.0 |10.0 |10Q 

'..135.0132.6122.6 il9.5|l0.8i5.37|2.76| 2:29| 1.46 




Halting Points of the Pure Soaps 
MPi is the melting point to form an anisotropic liquid, MPg the 
transition to an isotropic liquid. 


MPx, I MP„ 


Soap (728) 


MP„ 

”C 


NaC#..*. 225 

NaCr 240 

KCt 226 

NaC. 226 

NaC. 218 

NaCio 220 

NaCi. 229 


350 

360 

(400) 

355 

242 

318 

310 


Soap (738) 


NaCii 

NaCi. 



NaCu I 

NaCu 

KCi. (73).... 


240 

220 

226 

216 


264 


270 
316 
6 
276 
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N 


gjRPACE. TE.N510N OF AQUEjOUS 30UJnON3 


DROP WEJGKT 


CAPILLARY 

V 


NaC, ATO)* 
NaOLEATLATZO* 





OLEATE. AT 25* 90 MIN. («) 

DROP NO. 

NaOLEATL 

• — AT20T®’) 

* — 

o — 

• — NaCeATIO^ 

Q — NflCi - iO* 
o — NaC* ” 15* 

— NaCi* »• I5* 

V — NaCw ’• 15* 

* — NaCi* *' 15* 
o — NaC« •• 15* 
/AFTER 24H(X;R5 
I* — NaCfi « 15* 

/o — NaC» - !5* 
lAFTER 16 HOURS 


LDGk, N 
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Soap 


Mdtfaig Points. 

MP, °C ll 


(CorUintied) 


Soap 


MP, 


(46) 


AgCie 

NaCi. . . 

255-260 

AgCis 

NaC ,4 

250 

(98) 

NaCtc 

270 

PbCe 

NaCl* 

260 

PbCr 

NaCr. 

232-236 

PbC* 

Na elaidate 

225-227 

PbC* 

Na enicate 

230-235 

PbCio. . * 

Na brassidate 

245-248 

PbCu 

(39) 


PbCu 

PbCii 

104.7 

PbCie 

PbCi4 

108.7 

PbCi, 

PbCi. ' 

112.3 

pbCr* 

PbCi, 

116.7 

(59) 

MgCii 

150.4 

NH 4 CS 

Nfirriti. 

131.6 

NH 4 C ,1 

MgCu 

121.5 

NH 4 C 14 

MgCi, 

132 

NH4Crr 

LiCi, 

229.6 

CiiCi«. 

LiCu 

223.9 

CuC 7 » 

UCi. 

224.5 

For MgCi«, and 

LiCi* 

221 

(3®); for other NH 4 

AgCi, 

212.6 

(*3); for mixtures of ! 

AgCu 

211 

HCu. V. (30). 


209 (3») 
206 (3«) 

73.5 
91 
84 

94.5 
100 
103.5 

107 
112 
125 
45-50 

70-85 

75 

79-90 

57.5 
>100 

100 

MgCis, V. 

soaps, V. 
NaOi6 and 


Phase Equilibria 

Systems soap-water and soap-water-salt 

Explaruiiory NotM.^ — Any soap mixed with water in various 
proportions and under suitable conditions, can be made to assume 
any one of five different forms, each of which behaves as a single 
phase when in equilibrium with another phase. They are: (1) 
Lamellar crystals of soap. (2) The crystalline curd fibers of soap 
curd. (3) “Neat soap” — clear, transparent, plastic anisotropic 
liquid (4) “Middle soap” — anisotropic. (5) Isotropic soap 
solutions, which includes all the more dilute solutions. 

Addition of the third component, salt, introduces no new forms 
but the limits of concentration for the existence of the separate 
phases are affected. 

Figures 26, 27 and 28 illustrate the limits of existence and the 
compositions of the various forms of soap solution with varying 
temperatures in the two-component 63 ^tem, soap-water. Figures 
29-34 are the equilibrium diagrams for systems soap-water-aalt 
at various fixed temperatures. Compositions on these tri- 
angular diagrams are in “mole fractions” based upon a fictitious 
molecular weight of 1000 for H|0 and iiwing the gram-formula- 
weigbts for the soap and the aalt. 

Similar phase-rule diagrams (such as Figures 35, 36 and 37) have 
been partially constructed for commercial soaps from the scattered 
fragmentary data of the early workers (^i n*, 124); see 

oUo (t), demonstrating that the phase rule is of general application 
to all soaps, pure and commercial, and that the same phases occur 
in every soap system, the limits of concentration for the existence 
of each phase varying with the soap. 

Tables 1—4 show the relative and minimum absolute amounts of 
various salts required to produce phase separation at 100®, Tables 
1-3 referring to formation of liquid layers and Tables 3 and 4 to 
begmnixig separation of crystalline curd fibers. These ratios are 
approximately independent of the nature of the soap. The 
effects of mixtures of electrolytes are approximately additive. A 
mixture of soaps behaves as expected from the constituents when 
forming liquid layers but not when crysUUiaing in either curd 

> For fu& dkoiusion, em (i). 


or fiber form. These rules applied to the tables enable appro.xi- 
mate prediction of the behavior of any soap or soap mixture. I'be 
following are maximum (^ncentrations of salt for the formation of 
the liquid-liquid system nigre-lye with soaps made from separate 
oils studied by Merklen (®3) the numbers being accurate to 0.1 
or 0.2 of the values given; Sesame oil 6.8, olive 8.1, poppy seed 6.6, 
poppy seed reheated 7.7, lard 6.0, lard without salt 7.2, tallow 7.0. 
linseed 7.5, sulfur oil 13.3, saponification olein 8.6, sap^jnification 
olein with glycerol 9.1, saponification stearin 6.2, cottonsee d oil 
8.9, peanut oil 6.7, castor oil 25.1, castor oil and peanut oil 
17.6%. 

Table 1 (*i “S). — Minimttm Nu&iber of Grams of Variocs 
Electrolytes in 100 Cm* of Lye at 100® Required to Maintai.n 
Two Liquid Layers (Niorb and Lye) from Potassium and 
Sodium Soaps, in Dilutions between N/S and N/4. (i). 


Electrolyte 

W 

0 

# 

1 KCl 

K,CO, 

1 NaOH 

1 NaClt 

Na,CO, 

Stearate Ci* 

7 

8 

13 

3 


6 

Oleate C ^3 

8 


15 

4 

5 

7 

Palmitate Ci«. . . 

10 

12 

18 

4 

5 

8 

1 

Linolate Cjg .... 

10 

13 

19 




Myristate C^. . . 

15 

1 

20 

26 

8 

8 

16 

Laurate Cu 

21 


34 

12 

13 


Ratios 

1.50 

2.00 

2.78 

0.87 

1.00 

1.84 


N.B . — An equal mixture of sodium oleate and sodium myristate 
is half way between pure sodium oleate and pure sodium myristate. 

• KCn by 3 g of KOH. 

t NaCii by 2.3 g NaCl per 100 cm* - OANm (•*). 

Table 2 («3). — Concentrations, JV», op Various Sodium 
Salts Required to Salt Out 0.25Vw Solutions of Sodium 
Palmitatb at 90® 


Anion 

Vtf II Anion 

AT. 1 

Anion 

N„ 

OH 

1.13 

Br 

0.90 

CNS 

0 76 

NO* 

1.05 

C,HiO* 

0.89 

WO4 

0 65 

Cl 

0.95 

COi 

0.89 

TArfrfl.f.ft 

0.65 

I 

0.91 

SO4 

0.831 



Table 3 (If'**®). — R elative Numberof Moles of Hydroxide, 
Chloride, and Carbonate of Sodium and Potassium Required 
for Salting Out Liquid Layers or Curd at 100®. 



OH 

Cl 

CO,. 

K 

1.02 

1 00 

0.70 

1.01 

Na 

1.27 

1.00 



Table 4 (*i **®).* — Minimum Number op Grams op Various 
Electrolytes in 100 Cm* Lye at 100® for Curd Fibers to 
Appear in Neat Soap Layer. 


Electrolyte 

1 KOH 

KCl 

K.CO.I NaOHl NaCl| Na.CO, 

Stearate Cj* 

(17) 

13 

20 

4 


7 

Oleate C 7 , 

10 


19.6 

4 

5 

0 

Palmitate C 14 

11 


22 

5 

6 

12 

Linolate C7f 

13 

19 

24 


1 


M3rristate Cu 

18 

>23 

>38 

9 

10 

17.8 

Laurate Cxt 

25 

! 

>37 

13 

14 


Ratios 

1.50 

2.00 

2.78 

0.87 

1.00 

1.84 


N.B . — Notice that the values for sodium salts are about half 
those for the corresponding potassium salts. 

•Langdon (»•) for KaCu found 7 % NaCl, Stiepel (<**) for NaCia. 

NaCii and NaCu found 18, 9, 7, and 5 % NaCl reapeotively, aa compared with 
Richert’a 14, 10.6 and 5 %. Kronaefaar (*») for NaCio, NaCtt. NaCt«, NaCi« 
and NaCu found approximately 23, 13, H), 7 and 5 % NaCl. 


452 


INTERNATIONAL CRITICAL TABLES 


360 


340 


300 


280k 


240 


220 


200 


180 


160 


140 


120 


100 


80 


60 \ 


40J 


20 h 


1.0 


OB 



0.7 0.6 0.5 0.4 03 

•Fractional proportion of KC|2 



OJS 


Crystal — — 

9. \ 




KC« 


ISQtropic 

Homogeneous 

Soiutiona 


SOAPS AND SOAP SOLUTIONS 


Fig. 29 C«) 

KC«+KCl+H209t200* 


Hydraied Crysralsi 


Neet^ 

Soap' ^ 




.KC« 


Mkkfte 

w&p' 








Isotropic 

Homogeneous 

Solutions 


Rg.30(^^ 

KC,2+KCl4->Wffi30 




nydrattdCfyftttl 


Fig.3l(”) 

KC„4KCUH,0»tl8 


ujro 


Neat.-^ 


NaCtatNaCl-vH^Oaiao 


^ * ■ 


isotropic 

Homogeneous 

Solutions 


[•1 .1 


Dry Curd 


NbC 




.Fig.33(^*) 

NaCtfc^Nea^H^O 
MaiKnuffl concentrations of soMiona 

which at W*/I8t7?*)wh5i» not 

satwfatfowjlhcurd ftp^es 


mm 

ml tv:;'''','# 

% iL :il ' I 


Mtufatwwit^curd fit^res 
mMscJ^iNdotttdhntswm>mf^ ^ 

« ohftdtdKtMdffMfP pulton) 




il* 


Ml • I 


Isotropic 

Homogeneous 

Solutions 


iVI 


Isotropic 

homogeneous 

Solutions 


Hydrated Crystal 


Neat, r^^l\ 

^ /w/ 


Vi 




\. 


ii'X 


Middle 

Soap 


fj, 


% ' 
K / 


\ 


Isotropic 

homogeneouc 

Solutions 


^6 


Fig. 34 

KCre + KCUH,0di20* 
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100 °/ 


o, 90.11% 



Solubility 

Any soap, pure or commercial, mixed with water or with water 
and an electrolyte can be made to exist aa either lamellar soap 
crystals or curd fiber crystals; both are usually hydrated, and more 
than one hydrate may occur. On raising the temperature the 
crystals or curd dissolve to form ordinary isotropic solution, middle 
soap, or neat soap depending upon the concentration. The data 

usually refer to the form of hydrated crystals most stable under the 
experimental conditions. 


Hydrated Curd Fibers; Temperature of Complete Solution 
TO Form Isotropic Solution of Concentration, 



“C 

1 

1 °c 


°C 

A'. 

1 'C 

NaC„ 

,-(69) 

NaC.e (78) 

KCr, (to) 

KC., 

(73) 

2.0 

45 

10.0 

(90) 

15 

66 

8.004 

39.0 

1.0 

40 

1.009 

67 

12 

26 

8.878 

56.0 

0.2 

34 

0.604 

63 

KC„ (73) 

9.694 

60.0 

0.1 

31 

0.01 

61 

2.608 

16 

10.98 

90.0 

NaCr . («) 

Kcr , 

, (^2) 

3.222 

17.6 

11.62 

100 

0.6 

25 

60 

150 

4 004 

20.0 

12.96 

100 

0.4 

23 

40 

132 

1 

6.373 

26.6 

16.14 

130 

0.2 

21 

30 

118 

6.663 

26.0 

19.36 

162 

0.1 

18 

26 

98 

7.226 

32.0 

43.32 

200 


(*)•— A reinterpretation (by 3 . W. MoBain) of M. 
n s laboratory experiments with sodium hydroxide on the salting 
out of soap prepared from coconut oil at 100®C showing how they 
accord with phase-rule diagrams for the pure soaps.* 

•The boundar^^ine of the isotropto solutions is sketched In an identical 
position in diagrams 36 and 37 and Ukes account of results of Perkowski 
quoted by Richert. Results of TbtVrl, Bits, Riohert and Perkowski are not true 
per cent but grams per 100 cm* of solution measured st 100*C. The dais of 
Penny and El/ord^are grams per 100 grams of total system. 


Solubility of Hydrated Curd Fibers in Terms of of 
Mother Liquor in Curd after Solidification ( — A^.inTable) 
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SoLUBiLiTT or Cord Fiberb as Determined from Fattt Radical 

FROM CtTRD 


Soap 


<, ®c 

Lit. 

Curd 

Ultrafiltrate 

KaC„ 



18 

(••) 




18 


KCu 



22 

(.0) 

NaC„ 

0.066 

0.0004-0.0006 

14-18 

(fO) 


0.03 

o.oooir 

18-22 




0.0004-0.0005 

14-18 



0.0013 

0.0001 

14-18 



* AvttiMd bjr Knt« to be ocwrect eolufaiUtr. 


92.6% 



Temperature or Spontaneous Separation op Na Soap (Curd 
Fibers) from Aqueous Solution on Cooling, ^’C (^7) 


Soap, g per 
100 g H,0 


m 

Cm Cii 

C7. 

Elai- 

date 

Braas- 

idate 

1 

60® 

46® 

32® 11® 0® 

36® 

e 

0 

S5 

20 1 69® 62® 


46° 96° 1 66° 

(12) 

3 1 2 

1.6 

1 1 

0.76Ar, 

NaC, 

NaCio 

13-14® 10-11® 

16® 

-1® 

3-4® 

<0® 

2.3® 

>0® 


Also 6% NaC„ at 26®, 1 % NaC,. at 43®, 6% NaC,. at 

62% I % NaCi, -f 6% NaC„ at 8®, 1 % NaCi« + 1 % NaC„ at 
29®; (*) NaC„, 0.1 at 68®, 0.6 AT, at 66®; KCi,, 0.6 AT, at 38®C; 
(**) 62.5 g anhyd. NaC|, in 100 g H,0 at 12-18®. 
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Solubility. — {Continued) 

TBMPeRATORE OP COMPLETE SoLUTION OF HyDRATED CkTSTALLINB 

Curd ErsERa in Aqueous NaCl Solutions 


N„ soap 

2.0 


NaCn 
'‘P NaCl 


KC„ ( 73 ) 
soap soap 

Nu KCI =0.5 13.02 


NaC,« (78) 


0.534 57 
0.62 56 


1.0 


0.20 


0.10 


1.02 

1.02 

1.92 

0.49 

1.59 

1.66 

1.71 

1.86 

2.10 

1.21 

1.56 

2.05 

1.97 

2.08 

2.19 


60 

63.5 

68 

48 

60 

65 
62 

63 

66 
55 

60 

61 

60 

61 

62 


0.504 

.504 

.504 

.503 

.399 

.351 

.206 

.135 

.0610 

.058 


6.01 

(21 

-0) 

6.99 

29 

.0 

7.46 

35 


8 76 

50 


9.77 

65 


11.2 

90 


12.6 

100 


20.0 

115 


N„ KC: 

1 = 1 

To" 

6.01 

! 24. 

5~ 

7.91 . 

50. 

5 

8.93 

79. 

0 

9.8 

90. 

0 

15.0 

98. 

0 

KCI 

= 2 

.0 


NaCl 

0.293 

.680 

.794 

.55 

.642 

.738 

.906 

.835 

.836 

.819 

.807 


■ 058 I .908 (75 

NaC^a (52) 

0.05 0 42 100 

0.05 0.59 100 


(77) 

76 

74 
72 
76 

75.5 
76 

75 
74 

72.5 

72.5 

(75) 


5.02 

5.97 

7.70 


33.5 

35.2 

41 5 


Grams oi- Soap in 


LiC.a 

UCm 

IjCia 

LiCia 

SrCa* -f SHiO.. 
MgC., 

MgC.a 

MgC.a 

MgCu 

MgCra 

Mg erucate 

BaCa 

BrCt 

BaCii 

BaCi4 

BaCia 

BaCis 

CaCa 


100 Gram.s op Water at 
Tempera TURE.s 

26 ° j ^ 0 ° I ioo°c: 

0.180 0.280 
0.036 0.060 

0.015 
0.010 

8.89 (at 24°) 


0.009 
0.006 
0 005 
0.003 
0.022 

8 

1.6 

0.008 

0.007 

0.004 

0.004 

2.4 


0,009 

0.006 

0.005 

^0.004 

0.024 

0.006 

7 

1.6 

0.009 

0.008 

0.005 

0.005 

2.3 


0.026 

0.014 

0.009 

0.008 

0.03 

8 

1.6 

0.011 

0.010 

0.007 

0.006 

2.3 


CaCit 0.84 

CaCs 0.31 

CaCr, 0.04 

ZnOs 4“ HjO. . . . 

CdC, + 2HaO... 

PbCi, 

PbCn...... 

PbC.a 

PbCi. 

AgC, 0.09 

AgCr 0.09 

AgCu 

AgCii 


0.81 0.80 

0.29 0.26 

0.04 0.03 

1.03 (at 24.5°) 
0.96 (at 23.6°) 

0.007 

0.006 

0.007 

o.ooe 

0.12 0.20 

0.11 0.17 

0.007 
0.006 
0.004 


2.57 

1.24 

0.60 


I \ I 0.00 

* C»proic ftdd from fermcnUtioD butyric acid, 
t 8m al$o Landau, 1893. and Altachul, 1806 <* i*). 


Various 

Lit. 

~W) 

( 39 ) 

( 39 ) 

( 39 ) 

(45) 

( 39 ) 

( 39 ) 

I (3®) 

( 39 ) 

( 92 ) 

( 123 . 5 ) 

( 29 , 60 , 116 ) 
( 60 ) 

( 39 ) 

( 39 ) 

( 39 ) 

( 39 ) 

( 29 , 60 , 61 , 
116 ) 

( 60 , 116 ) 
( 116 ) 

( 92 ) 

(45) 

(45) 

( 39 ) 

( 39 ) 

( 39 ) 

( 39 ) 

(60, 116) 

(60, 116) 

( 39 ) 

(39) 

(39) 


Additional Data 

Fahrion (*1)11 water at 15“ dissolved 90 mg of CaCr, and 224 
mg MgC,,. Blumercron (>*) curding of solutions of NaCi. 
NaC,, NaC,, NaC,, NaC,o, at 20° on addition of NaCl and 

LiCr. at 18 ° 

and 25 . Oudemans ((»») p. 159) Mg, Ca, Sr, Ba, Zn, Pb, Mn, 
Co, Ni, Cu, Ag salts of Cu at 15° and at boiling point. Lewko- 
witsch ((S9) p. 143, 157) CaC., CaC„ CaC.„ CaC,, at 20° or 100°. 
Jensen ( 41 ) AgC,, AgCio at 20° in water and HqN AgNO, solu- 
lon. Altschul ((116) p. 614) AgCr, 0-8Q°. Lieben and Janecek 
( ) CaC,, BaC, at 10-12°. Zsigmondy and Bachman (130^) 
NaCi, in water. McBain, Cornish and Bowden ( 70 ) NaCi^in 
water. Kottal (45) CaC,, BaC,. 

Freezing-Point Lowering 

Values of fey, = Atp/N^, where Air is the freezing-point lowering 
in °C at the concentration moles per kg HjO (**>. 


Soap 


KC 


KCr,. 


NaC 


0.05 

.1 

.6 

.4 

1.0 


^^7 


Soap 


0.177 KC, 3.0 


.212 

.348 

.215 

2.445 


NaCr, 0.4 

.2 

NaC„ .05 


Atp 

4 71 
0.146 
.095 
.036 


*Se€ furihevy Fig. 38. 


Boiling-Point Elevation 

Values of = At^/N^y where ii/a = t, ^ t, being the tem- 
perature at which the partial vapor pressure of water from the 
solution is equal to the vapor pressure of pure water at °C. 
Tlie data for the higher temperatures (f„ = 90 — 100°C) are 
shown graphically in Fig. 39. Some values at lower temperatures 
are given in the following table: 


Soap * I U °C I 

KC, 20 3,0 I 0.23 (77) 

NaC„ 43 1.5 .20 (««) 

NaC„ 40 1.5 . 20 (»«) 

KC,j 20 0.2 .20 (77) 

NH 4 C,, 20 1.0 .17 (77) 

NH 4 C,a 20 0.6 .16 (77) 

NaCl, 67 1.0 .26 (*«) 

NaCl, 70 1.0 .26 (»«) 

KCi, 33 0.5 .34 ( 86 ) 

NH 4 C,, 20 1.0 .06 (77) 

NH 4 C,, 70 1.0 .23 ( 88 ) 

NaC„ 18 0.6 .10 ( 88 ) 

NaCr, 18 0.4 .10 ( 88 ) 

KCTi 20 0.6 .12 (77) 

Kelaidate 20 0.75 .24 («8) 

Kelaidate 20 0.6 .26 (««) 

Kelaidate 20 0.2 0. 6-0.8 («*) 

NaCr,OH 20 1.0 0.21 («8) 

NaCr,OH 20 0.76 .26 (8») 

NaCr.OH 20 0.6 . 34 (••) 


3.0 
1.5 
1.5 
0.2 

1.0 
0.6 
1.0 
1.0 
0.5 
1.0 
1.0 


kB 


0.23 

.20 

.20 

.20 

.17 

.16 

.26 

.26 

.34 

.06 

.23 


Lit. 


1(^7) 

( 86 ) 

(56) 

(”) 

(77) 

(77) 

(56) 

( 86 ) 

(85) 

(77) 


0.6 

.10 

(83) 

0.4 

.10 

(53) 

0.6 

.12 

(”) 

0.75 

.24 

(68) 

0.6 

.26 

(65) 

0.2 

0 . 6 - 0.8 

(65) 

1.0 

0.21 

(68) 

0.76 

.26 

(55) 

0.6 

.34 

(68) 

0.2 

.36 

(68) 

0.5 

.20 

(56) 

0.2 

.076 

(66) 


NaCr,OH 20 0.2 .dO r-; 

NaCr,” 20 0.6 .20 (68) 

NaC,T~ I 20 0-2 - 076 I (6^ 

• For aolutiona of soap with various added oonetltuenta, t. (**' 

Refractive Index (•*) 

The specific refraction, i? * (n — l)/d or R' (w* "" ^ 

(n* 4- 2) for soap in soap solutions at 70° is for any one 80 &p 
independent of concentration (and also of solvent), the nw 
refraction for the soap in solution being equal to that ca c 
for the pure anhydrous liquid soap. Concentrations between 

and 17.8 g/100 cm’ aqueous solution. , 
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Refractive ln^ex.~~(('orainu€d) 


Sojlfl 

Ik: 

IId 

1 Ik 1 

i/i 

li'n 


Na( 'i,. 


0 480 



0,289 


Naf If,. 

; 0 467 

0.471 1 

0.476 

0 283 

0.284 


KC 1C 1 

1 

1 

! 0.471 



0 284 


Na(’,, 


0.475 



0 287 


NaC- ! 

' 0 475 

0.480 

0 484 ! 

0 286 

0 288 

0.290 


m 



roa 

m 

124.2 

127.9 

127.0 


107.0 

113.4 

112.6 

113.9 


96.0 

1 



117 

114.5 


133.2 

124.9 


Electrical Conductivity of Aqueous Solutions 

Fhr vmIuos piven are \ = lOV/A^,, whore k is the specific conduct 

ancc of the solution in mhos 

Na Soaps at 90°C 


- 

1.5 


0.75 

0 5 

NnCi 


106.0 


(127.5) 

NaCi*. 

96.2 

1 

104.2 


1 09 5 

NaCn 

84.70 

94 93 

97.57; 

99.15 

NaCu 

84.5* 

8,3 . 6 

85.8 

87.4 

NaC»8 

NaC« 

81.5 

88.3 

1 


70.1 

80.96 


0.2 1 0. I I 0.05 I 0.01 Lit. 


150 44 
U3.4 
95.23 
70 1 
77 4 
61 .99 


160.42 196.0 
125 5 157,0 
90.51 110.4 
75 5 I 76.4 


199.8 

193.9 

191.7 

101.7 
125 9 
141 7 





NaC 

.4 (70) 



1 NaCu (3) 


80® 

70® 

j 60® 

0 

O 

40 ®C 

®C 


1 0 01 

0.1 

15 

75,1 

65.4 1 

1 55.2 

44.8 


85 

114 7 

73.1 

10 

84.3 

73.6 

62.2 

51.5 


75 

99.9 

64.3 

0 5 

87.5 

74.6 

62 3 

52.1 


65 

85 1 

55-4 

0.2 

84.0 

71.5 

: 59 8 

50.0 

40.0 

55 

72,6 

46.8 

0.1 

85.1 

72.6 

60 6 

50 7 

40 5 

45 

66.3 


0.05 

97.3 

83 1 

69.4 

58.0 

46,5 




0 01 

169.0 

144 3 

jl20 5 

100 6 

80 3 1 





®C 


Ksa 

0.1 

1 0.2 10.375 

i| 0.4 

0.6 

0.8 

ITo 


C., 

123.6 

105 

93.9 


103 

106 

104.fi 

99.6 


C|4 

77.1* 

77.4 

77,6 

88.5 

90.1 

95 

92.9 

89 


^ra 


81.5 


86.3 

87.6 

88.6 



45 

c„ 

95.4 

83.0 

74.3 

82.3 

81.8 

88.5 

83.6 

79.6 


Cm 

57.9* 

58.7 

60.9 

69.5 


76 

74.2 

72.0 


^ra 


60.7 

60.4 

67.7 

68.8 




PI 

Cm 

47.7* 

47.2 

46.2 

51.6 

52.6 

55.9 

56.0 

54.9 


Cij 


50.0 

44.8 



63.7 

52.0 

52.1 


' Cm 

35.7* 

39.5 

33.0 

35.5 


38.4 

41.4 

45 


c-, 

r ^ A 

37.lt 

t A A » 

36.935.5 

« A 

39.9 


42.6 




KCie; Effect of Time (3); see further (S3) 

X' r 



• 10 min. t 00 min. J All at 45®, 0 min, 20 mio and 24 hr reap. 

K Soaps at 18® 

2.0 i 1 .oTo.75| 0.6 I 0.2 I 0.1 10.0610.01 


NAC.eSOa (”2) 


Nr 

65® [ 

60® 

55® 

.50® 

45® 

40®C 

0.0666 

45 j 

41.5 

! 38.6 

35~~^ 

32 3 

29 5 

0 . 0333 

46 

42.1 

39 1 

35 5 

32,6 

29 4 

0 01665 

51.6 

47.2 

42 7 ! 

39 1 

34.9 

31.4 


Ca. 

Ci2. 

c?,. 

Elaidate . 



48.60 

47.09 

49.75 

47.21 

53.00 

45.44 

63.05 

41.77 

69.50 

44.03 

54.89 

1 

76.4 

(”) 

(”) 

H 


38.01 

37.0 

35.83 

33.30 

34.04 

29.74 
36 . 06 

29.57 

47.35 

51.96 

(”) 

(90) 


CuSO.H AT 90® ( 100 ); cf. ( 112 ) 




NACr, AT 25° ( 55 ) 





A 



BEIillBSS 


\/Nr 

5 


30 25 




484 1 

1968 






25 95 


34 1 


47 1 


57 6 


61,6 


NaC7g AT 18® (112) 


10* 

A. . . . 


66. 70 
19. 27 

33.35 
20 . 67 

16.67 

'23.58 

1 8.34 
128.08 

4.17 

38.40 

2.08 

49.44 

1.04 

54 . 72 


0 52 
61.44 


NAC 7 g (Identical for Sol and Jei.lv) ( 53 ) 


®C ' 

5,0 

BBI 

15.0 

18.0 

1 

22 0 

25.0 

0.4A,. 

13,94 


19 13 

20.95 1 

22 62 

25.84 


15 10 

IH 

20.35 

21 65 

22.64 

25 97 


Na Soaps at 18 


K AND NH^ Salts of Fatty Acids fr^m Palm-Kernel Oil 

( 28 , 51 ) 

Molten K and Na Soaps (•) 

M iXTURES; Solutions of Soaps with Additions of Salts, Acids 

AND Bases ( 3 , 24 , 27 , 28 , 51 , 70 . 88 , 109 ) 

Gold Numbers and Detergent Action, v. (37, 38, so, 57, 74, 104, 

105, 106, 108, 114, 117, 119, 120, 121, 122) 


Ar„ 

1.0| 

0.6 

0.4 

0.2 

0. 1 

0.05 

O.OI 

1 Lit. 

cr, 


21.67 

20,80 

19.77 

20.46 

20.59 

30.09 

("") 

Cu- 

26 

1 

30.1 

29.6 

28.9 

29 0 

30.5 

49 60 

(66) 

c— 



29.6 

28.70 

1 

29.13 



(84) 

cr.oHt 

27.7, 

32.1 

34.0 

35.8 1 

37.8 

40.7 




• At 24®C. t 1-5^- 23.1. and 24® C *)-, 1.0iV*35.5; 0.5^„ 43.8. 


K Soaps at 90® (i®) 


A\ - 1 

1 10 1 

0.75 

0.5 

0.2 

0.1 

0.05 

1 0.02 1 

1 0.01 

Ca 

149.5 

> 

177.7 

201.2 

216.5 

227.7 

(241.2) 

245.9 

C.‘ 

148.7 


168.5 

191.0 

205 . 2 

219.2 

(234.5) 

239.5 

Cio 

145.9 


156.3 

180.9 

200.6 

211.9 

1 

(227.0) 

232.4 

Ci,t 

143.2 

142.6 

146.0 

144.2 

159.7 

195.9 

(223.5) 

233.0 



136.2 

144 

147 

136.6 

162 

191 



Cm 

136.2 


135.4 

130.8 

121.8 

136.6 

181.6 

224.3 

Cut 

138 

132 

127 

120 

117 

117 




Hydration 

HtO = moles HjO per mole soap 

Negative sorption from lyes which salt out curd fibett from 
aqueous solutions of soap, yield the following values expressed as 
the retention of the solvent assuming that none of the salts are 
sorbed. The conditions and methods of experiment are described 
in the reference cited. For negative sorption by NaCu from salt 
mixtures, v. (81). . 


t, ®C 

Soap 

1 Orig. N. 

1 Salt 

1 


90 

NaC„ 

0.6 

NaOH 

1.6 

1 4.31 (»•) 

1 1 > A A \ 

90 

NaC„ 

1.0 

NaOH 

3.0 

3.4 (••) 

1 


1.0 

NaOH 

2.0 

6.2 




0.6 

NaOH 

1.6 

6.6 

1 



1.0 

NaOH 

0.5 

1 4.4 





NaCl 

2.0 
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Hydration. — (Continxted) 


*.*c 1 

Soap 1 

1 Orig. 

Salt 1 


1 H,0\ Lit. 

17-26 

NaCu 

1.0 

Glycerol 

0.6 

wm 

(«) 



0.25 

Glycerol 

0.6 

10 i 


90 

NaCit 

1.0 

NaCl 

Satd. 

1.8 

(86) 

12-18 

KCl, 

1.1 

KCl 

0.6 

11.8 

(») 

20 

KC„ 

1.1 

KCl 

0.9 

11.3 

(64) 



1.6 

KCl 

0.8 

10.1 




2.6 

KCl 

0.67 

9.4 


20 

KC.. 

1.0 

KCl 

1.0 

11.0 

(23) 



1.5 

KCl 

0.86 

10.8 




2.9 

KCl 

0.65 

8.6 




1.0 

KCl 

0.1 

24 


12-18 

NaCr, 

0.25 

NaCl 

0.1 

9.2 

(76) 


Hydration of soap in solutions of l.ONv KCn containing known 
amounts of KCl at 18® by comparison of conductivity, migration, 
and vapor pressure (l®®). 


KCl added (N^) 

0.5 

0.7 


1.5 


2.5 

3.0 


H/) 

11 (± 1 . 1 ) 

12.2 

12.8 


9.6 

5.2 

6.3 

6.9 


For vapor pressures during hydration and dehydration of solid 
NaCx,, n. («0). 


Hydrolysis 

The values given are % hydrolysis according to the equation : 

« t. j . (A^^ofOH-) X 100 

% hydrolysis * — 0 = ^ -7 i — 7 

Total Nv of soap 

1. Hydrolysis by hydrogen electrode, neglecting diffusion poten 
lial (results too high in concentrated soaps) (®®). 


Boap 

t. “C; 

JV* - 1.0 

0.76 

0.6 

0.2 

0.1 

0.05 

O.Ol 

0.001 

NaCii 


0.2 

0.27 

0.38 

0.66 

1.3 

5.6 

6.6 


KCl. 

90® 

0.08 

0.27 

0.6 

0.66 

1.3 

5.0 

6.8 




2S® 

(••) 




0.1(?) 


0.6 (?) 

4{?) 


Hydrolysis. — (Continued) 
0 . 5 Nv Soap at 90® 


Soap 

KC,6 

KCu 

KC,2 

KCio 

KC« 

% Hydrolysis 1 

0.64 

0.54 

0.36 1 

0.076 

0.072 


2 . Hydrolysis by catalysis of nitrosotriacetonamine; values of 
lOWp of OH". Results in concentrated soap probably low owing 
to sorption of amine. 


NaCi« 

= 

10.042 

0.5 

0.8 

1.0 

0.46| 

0.1 

/ 

1 90 1 

90 

90 

90 

70 

70 

(65) 

’ 1 ' 

WNvOH- .. . . 

. . . . 91 

20 

25 1 

! 27 1 

44 1 

56 


KCte 

(65) 


N 


IT 


lOWcOH 


90 


0.0190.0421 0.1 0.3|0.85 


76 93 93 58 11 


N 


it 


WN.OB- 


70 


0.05 

55 


0.1 

61 


0.85 


40 


0.051 

39 


30 


0.05 

97 


NaCfs, 90® (5) 


|0 . 002|0 ■ 01 10 ■ 02|0 ■ 05| 0 . 1 

lO^AT^OH" I 55 I 66 I 74 I 98 I 79 


Various Good (Commercial Soaps at 90®; Values of 10®N'p of OH 

(®) 


• 

II 

1 

I 0.6 

0.1 

X* =s 

0.5 

Coconut oil 

31 

21 

5 

Washer 

77 

Olive oil 

73 

60 

18 

Tallow rosin 

79 

Toilet soap 

76 

60 

24 

Coal tar 

82 

Cold process 

108 

80 

30 

Shaving 

94 


* Grams soap in 100 om* eolution at room temperature. 


3. Hydrolysis by indicator method. Comparison of the color given an indicator in a pure soap solution with that of 
standard buffer solutions. Buffers were Sorensen and Palitzsch's glycine/NaOH and borax/boric acid. Indicators were Alizarin 
yellow G for 0.003 to 0.00065^w OH"; phenolphthalein for 0.0008 to O.OOOlA^u, OH~, and for extremely dilute soap, phenol red. 
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(«®) Lichen, 67. 15: 404; 94. (•») Liebcn and Janeiek, IS. 187: 126; 77. (•*) 

Lifschits and Brandt, 66, 22: 133; 18. («*) L6rdnt, £78, 117: 211; 14. (•*) 

Lucas, Univ. of Bristol, 0. (••) MoBain and Bolam, 4, 112: 826; 18. (••) 

McBain and Boulton, 0. McBain and Buckingham. 4, 1927: 2679. 

(••) McBain and Bull, 0. (••) McBain and Burnett, 4. 121: 1320; 22. 


(»®) McBain, Cornish and Bowden. 4. 101 : 3543; 13. (Tl) MoBain and Davi«, 
0. (T*) MoBain and Elford. 4. 1828: 431. (»») MoBain and Field, SO, m 

1646 ; 26. (^*) MoBain, Harbome and King, 64, 48: 373T; 33. '(»•) 

McBain and Hay, 0. (7*) MoBain and Jenldna. 4, 12X: 2326' 22 (TT) 

McBain. Laing and TiUey, 4, Hi: 1279; 19. (»•) McBain and Lancdon. i. 
127 : 862; 25. MoBain and Mans, 0. 

(••) McBain and Martin. 4. 108: 967; 14. (•>) MoBain and Martin. 4. U9: 
1369; 21. (•*) McBain and Matthews, 0. (•*) McBain Fitter, 4, 

1928: 803. (»<) McBain and Rowe, 0. (••) McBain and Salmon, /, 42: 

428; 20. (■•) McBain and Salmon, 4. 118: 1374; 21. (•») MoBain* and 

Taylor, 7, 7«: 179; 11. (••) McBain and Taylor, 4, Ilf: 1300; 19. (••) 

McBain, Taylor and Laing. 4, 121: 621; 22. 

(•®) McBain and Walbrook, 0. (•>) McBain. WllUvoys and Heighingtcn. 4, 

1927:2689. (•*) Masters and Smith, 4, 108 : 992; 13. <*®) Morklea, Z>m 

Kemtri/en. Halle, Knapp. 1907. (•*) Mikumo, J4S, 80 : 75; 27. (••) 

Milner, 5, 18: 96; 07. (••) Minakami, 806, 158 : 306; 26. (•») Narayan 

and Subrahmanyam, 3. 48 : 663; 22. Neave, i75. 87: 399; 12. (••) 
Nonaka, /48, 27: 476, 614; 27. 80 : 221; 27. 

(>®®) Norris, 4, 121: 2161; 22. (»•*) du NoOy. 6, «: 664; 24. («**)daNoQy, 
Sur/act Equilibria of Biological and Organic CoOoidc. New York, Chem. 
Cat. Co., 1926. Nuttall, 64. 88 ; 67T: 20. (*®4) Papaoonstantinou, 

Zsigmondy Ptdtcbrijl, 66, 88: 329; 25. (*••) Papaoonstantinou, 60, 28: 319; 
25. (»os) Papaconstantinou, 60, 89: 323; 25. (»•») Partbsa and FerM. 

£93, 841: 546; 03. (>••) Prosoh, 466, 48 : 410, 426, 433, 449. 462; 22. 

(»©•) Quick. 4, 127: 1401; 25. 

(**«) Rayleigh. 6, 80: 386; 90. (>>>) Rayleigh, 6, 47: 281; 90. (>><) Reyehler, 
666, 1912 XVI : 69. £8, 24 : 193; 12. 1 78, 8 XXII : 221 ; 12, 66, 12 : 277; 13. 

(11*) Reynolds, 4. 119:466:21. ("4) Richardson, 46, U: 241; 23. (K*) 

Riobcrt, Dies., Karlsruhe, 1911. (114) Sddell, B6t. (HU Shorter and 

EUingworth. 6, M: 231; 16. (H®) Smita, 7, tf: 608; 03. (Ht) Spring, 

180, 1909: 187, 949. 1069, 1128. 

(1*4) Spring, 66. 4: 161; 09. (i*i) Spring, 7p, 28: 120, 424; 09. 148,87:230; 

00. (1**) Spring, 66, 8: 11. 100, 164; 10. 88,84:17:10. 148. 18: 500; 

00. 19: 42.366:10. 78,89:1:10. (i*<) Stlepel, in Weyl, Fiiu4sdtr0k«ii 
fur cKemuekcn Tecknotogic, I: 249. Ldptig, Barth, 1011. (**<>4) Thomas 

and Mattikow, I, U: 072; 26. (H4) Tb6rl. Dim., Karlsruhe. 1018. (»4) 

VorlAnder, 86. «: 3120; 10. (»»4) Walker, 4. Ht: 1521; 31. (**▼) White 

and Marden, 60, 84: 617; 20. (Hi) Wightman and Jonee, 11, 48 : 66; 11. 
48 : 320; 12. (Hi) Wilson and Riee, Colloid Symposium Monegrapk, I: 145. 
Now York, Chem. Cat. Co., 1923. 

(HO) 2laigmoDdy and Bachmann, 66, 11: 145; 13. 
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LITERATURE REFERENCES 

Id all literature references cited in International Critical Tables 
the name of the journal or publication is indicated by means of a 
Key number corresponding to the list given below. The numbers 
which follow this key number in a literature citation are, in the 
order named; (1) the volume, (2) the page, and (3) the last two 
figures of the year. Thus 64V , 81: 263; 22, indicates Verslag 
koninklijke Akademie van Wetenschappen te Amsterdam, VoL 
31, page 263, 1922. Series numbers are not given. Key Numbers 
referring to books and other non-serial publications are preceded 
by the letter B, and the volume number is given in Roman nu- 
merals. Thus BIO, IV: 191; 18, indicates Doelter, Handbuch der 
Mineralchemie, page 191 of Vol. 4 of the 1918 edition. The Key 
Number 0 is us^ to indicate “private communication from.” 


DAS LITERATURVERZEICHNIS 

In alien Literaturstellen, die in I, C. T. verzeichnet sind, ist der 
Name der Zeitschrift oder der Publikation mit Hilfe einer SchlUs- 
Belnummer, entsprechend der unten folgenden Liste, angegeben. 
Die Zahlen, welche diesen Schllisselnummem bei einem Literar- 
turritat folgen, bedeuten der Reihe nach: (1) der Band, (2) die 
Seite und (3), die letsten zwei Zahlen des Jahrganges. So bedeutet 
s. B, 64V, 81: 263; 22, Verslag koninklijke Akademie van Weten- 
Bchappen te Amsterdam, Band 31, Seite 263, 1922. Serien- 
Nummem werden nicht angegeben. Der Schlttsselzahl wird ein 
B vorausgesetzt, wenn sie Bficher, oder eine andre nicht periodische 
VerOffentUchung bezeichnet. Die Bandnummer wird durch 
rbmische Ziffem angegeben. Es bedeutet z. B. also BIO, IV : 
191; 18, Doelter, Handbuch der Mineralchemie, Seite 191, des 4 
Bandes, der Auflage des Jahres 1918. Die Schltisselzahl O wird 
gebraucht, um ansuseigen, dass es eine “private Mitteilung” ist. 


R^FfiRENCES BIBLIOGRAPHIQUES 

Le nom du journal ou de la publication de toutes les r^f^rences 
bibliographiques cities dans les Tables Critiques Intematiormles 
est indiqu^ au moyen d’un nombre-d^ correspondant i la liste 
donn^ ci-dessous. Les nombres qui suivent ce nombre-cl6 dans 
un renvoi bibliographique indiquent dans I’ordre euivant; (1) !o 
volume, (2) la page, et (3) lea deux derniers chiffres de rann6e. 
Ainsi 64V, 81: 253; 22, indique Verslag koninklijke Akademie 
van Wetenschappen te Amsterdam, Vol. 31, page 253, 1922. 
Les num6roe des series ne sont pas donnas. Les nombres-cl^ se 
rapportant A des livres ou A des publications non p^riodiques sont 
pr6c^d68 de la lettre B et le num^ro du volixme est donn4 en 
chiffres remains. Ainsi BW, IV: 191; 18, indique Doelter, Hand- 
buch der Mineralchemie, page 191 du volume 4 de I’^dition de 
1918. Le nombre-cl6 O est employ6 pour indiquer “communi- 
cation priv4e de.” 


INDICAZIONI BIBLIOGRAFICHE 

In tutte le indicazioni bibliografiche che si incontrano nelle 
“Tabelle Critiche Intomazionali ” il nome del giornale o della pub- 
blicazione ^ espresso con un numero chiave riportato nell'elenco dato 
pid oltre. I numeri che, nella citazione, vengono dopo il numero 
chiave sono disposti con Tordine seguente: (1) il volume, (2) la j 
pagina, e (3) le ultimo due cifre del millesimo. Cosi 64V, 31: ! 
253; 22, indica la Verslag koninklijke Akademie van Weten- ; 
schappen te Amsterdam, Vol. 31, pagma 253, 1922. I numeri di j 
serie non vengono dati. Quando un numero chiave d preceduto j 
dalla lettera B si riferisce a libri o ad altre pubblicazioni non ; 
periodiche, e il numero del volume viene allora scritto in cifre 
romane. Cosi BtO, IV: 191; 18, indica Doelter, Handbuch der 
Mineralchemie, pagina 191 del IV® volume dell’edizione 1918. 

n numero chiave O indica “Com unicazione privata da ...” \ 


KEY TO THE PERIODICALS 

Data regarding the libraries which receive many of these peri- 
odicals may be found through the following sources : 

United States and Canada: “Periodicals Abstracted by Chemi- 
cal Abstracts, 1926” (Chemical Abstracts, Ohio State Univ., 
Columbus, Ohio); Union List of Serials in the Libraries of the 
United States and Canada, 1927” (H. W. Wilson A Co., New 
York City); “A Catalogue of Scientific Periodicals in Canadian 
Libraries, 1924” (McGill Univ., Montreal, Canada). 

Great Britain : f' A World List of Scientific Periodicals Published 
in the Years 1900-1921 ” (Oxford Univ. Press, London, 1926- ). 

Holland: “Chemisch Jaarboekje tevens Jaarboekje der Neder- 
landsche Chemische Vereeniging, Vol. 3.” (Amsterdam, D. B. 
Centen, 1920). 

1. Journal of the American Chemical Society. 

2. Physical Review. 

3. London, Edinburgh and Dublin Philosophical Magazine and 
Journal of Science. 

4. Journal of the Chemical Society, London. (Memoirs of the 
Chemical Society; continued eta Quarterly Journal; later 
Journal.) 

6. Proceedings of the Royal Society (London). A. Mathemati- 
cal and Physical Sciences. 

6B. Proceedings of the Royal Society (London). B. Biological 
Sciences. 


6 


8 . 


9 


10 , 


11 

12 


13, 

14. 
16. 
18, 


19. 

20 

21 . 


Annales de chimie et de physique. {Divided into Nos. 14 
and 16 in 1914). 

Zeitschrift fUr physikalische Chemie, StOchiometrie und 

Verwandtschaftslehre. 

Annalen der Ph 3 rBik. [Journal der Physik, 1790-1794. 
Neues Journal der Physik, 1796-1796. Annalen dor Physik, 
1799-1819; Annalen der Physik und der physikalischen Che- 
mie, 1819-1824 (Gilbert). Annalen der Physik und Chemie, 
1824-18W (Poggendorff, Wiedemann). Annalen der Physik, 
1900- (Dnide, Wien and Planck).] 

Zeitschrift fUr Elektrochemie und angewandte physikalische 
Chemie. 

Tables annuellea Internationales de constantes et donn^es 
numdriques. 

American Chemical Journal. {Combined wi{h No. 1 in 1914.) 
American Journal of Science. (American Journal of Science 
and Arts, 1820-79; known cdfio aa Silliman's Journal of 
Science.) 

Annalen der Chemie, Justus Liebig’s. 

Annales de chimie. 

Annales de physique. 

Archives n6erlandaises des sciences exactes et naturelles. 
Series IIIA (Sciences exactes). 

Arkiv fbr Kemi, Mineralogi och Geologi. 

Arkiv fOr Matematik, Astronomi och Fysik. 

Astrophysical Journal. 


y 


J 
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22. Atti della reale accademia nazionale dei Lincei. (Rendiconti 
clause di scienze fisiche, matematiche e naturali.) 

23. Atti della reale accademia delle Bcienze di Torino. 

24. Atti del reale iatituto Veneto di scienze, lettere ed arti. 

26. Benchte der deutschen chemischen Gesellschaft. 

26. Berichte der deutschen physikalischen Gesellschaft. See 
also No. 96. 

27. Bulletin de la soci^t^ chimique de France. (Before 1908 was 
Bulletin de la eocidt^ chimique de Paris.) 

28. Bulletin de la Boci^t6 chimique de Belgique. (Before 190^ 
was Bulletin de Tassociation beige dea chimistes.) 

29. Bureau of Mines, Bulletins. 

30. Bureau of Mines, Technical Papers. 

31. Bureau of Standards, Scientific Papers. (CorUinued as 
No. 546.) 

31A. Bureau of Standards, Bulletin. (Continued as No. 646.) 

32. Bureau of Standards, Technologic Papers. (Continued as 
No. 546.) 

33. Chemical and Metallurgical Engineering. (Name changed 
July^ 1918 from Metallurgical and Chemical Engineering.) 

34. Comptes rcndus hebdomadaires des stances de Tacad^ie des 
sciences, de I’institut de France. 

36. Gazzetta chimica italiana. 

37. Helvetica Chimica Acta, 

38. Journal of the American Ceramic Society. 

38B. Bulletin of the American Ceramic Society. 

39. Journal of the American Institute of Electrical Engineers. 

41. Journal of the Chemical Society of Japan (Nippon Kwagaku 
Kwai Shi). (Name changed in Jan., 19181 from Journal of 
the Tokyo Chemical Society.) 

41 B. Bulletin of the Chemical Society of Japan. 

42. Journal de chimie physique. 

43. Journal of the Faculty of Engineering, Tokyo Imperial 
University. 

44. Journal of the Faculty of Science, Tokyo Imi>erial University. 

45. Indxistrial and Engineering Chemistry. (Name changed 

Jan., 1923 from Journal of Industrial and Engineering 
Chemistry.) 

46. Journal of the Institution of Electrical Engineers (London). 

47. Journal of the Institute of Metals (London), 

48. Journal of the Optical Society of America and Review of 
Scientific Instruments. 

49. Journal de pharmacie et de chimie. 

60. Journal of Physical Chemistry. 

61. Journal de physique et le radium. (Formed from Lc radium 
and Journal de physique, th^orique et appliqu^e.) 

62. Journal filr praktische Chemie. 

53. Journal of the Russian Physico-Chemical Society. (Chem- 
ical part.) 

54. Journal of the Society of Chemical Industry, 

65. Kolloid-Zeitschrift. (Formerly Zeitschrift flir Chemie und 

Industrie der Kolloide.) 

56. Mechanical Engineering. (Formerly Journal of the American 
Society of Mechanical Engineers.) 

57. Monatshefte flir Chemie und verwandte Teile anderer Wis- 
senschaften. 

58. Nature (London). 

59. Nuovo Cimento. 

60. Oversikt av Finska Vetenskape-Societetens Fdrhandlingar. 
(DiscorUinvM viith Vol, 64, 1921-22.) 

Philosophical Transactions of the Royal Society of London, 
Series A, Physical and Mathematical. 

62B. Philosophical Transactions of the Royal Society of London, 
Scries B, Biological. 

63. Physikalische Zeitschrift, vereinigrt mit dem Jahrbuch der 
Radioaktivit&t und EJektronik. 


64P Proceedings of the Royal Academy of Sciences of Ameter. 
dam. 

Akademie van Wetenschappen te 

ftoceedings of the American Academy of Arts and Sciences. 

ftocee^gs of the American Society for Testing Materials. 

67. Proceedmgs of the Physical Society of London. 

68. Proceedings of the Royal Society of Edinburgh 

69. ftoceedings and Transactions of the Royal Society of Canada. 

70. Recueil des travaux chimiques des Pays-Baa. 

7 1 . Rendiconti dell'accademia delle scienze fisiche e matematiche. 
(Classe della societil reale di Napoli) 

72. Rendiconti reale istituto lA)mbardo di scienze e lettere. 

73. Rendiconti della society chimica italiana. 

74. Revue de m^tallurgie. 

75. Sitzungsberichte Akademie der Wissenscliaften in Wien, 

mathematisch-naturwissenschaftliche Klasse. * 

76. Sitzungsberichte der preusaischen Akademie der Wiseen- 
schaften. 

77. Stahl und Eisen. 

78. Transactions of the American Electrochemical Society. 

79. Transactions of the American Institute of Chemical Engineers. 

80. Transactions of the American Institute of Minin g and Metal- 
lurgical Engineers. 

83. Transactions of the Faraday Society, 

34. Transactions of the Illuminating Engineering Society (New 
York). 

86. University of Illinois, Engineering Experiment Station, 
Bulletin. 

87. Verhandelingen der koninklijke Akademie van Weten- 
Bchappen te Amsterdam. 

88. Verhandlungen der physikalischen Gesellschaft su Beriin. 
See also No. 96. 

89. Wissenschaftliche Abhandlimgen der physikalisoh-techni- 
schen Reichsaostalt. 

91. Zeitschrift fUr analytische Chemie, 

92. Zeitschrift fUr angewandte Chemie. 

93. Zeitschrift fOr anorganische imd allgemeine Chemie. (Name 
changed in 1916 from Zeitschrift fflr anorganische Chemie.) 

94. Zeitschrift fttr Krystallographie. (Name changed in 1921 
from Zeitschrift ftlr Krystallographie imd Mineralogie.) 

95. Zeitschrift fUr MetaUkunde. (Formerly Internationale Zeit- 
schrift flir Metallographie.) 

96. Zeitschrift fur Physik. (Verhandlungen der physikalischen 

Gesellschaft zu Berlin, 1882-1898; Verhandlungen der 
deutschen physikalischen Gesellschaft, 1899-1902; Berichte 
der deutschen physikalischen Gesellschaft, 1903-1919; Zeit- 
schrift fUr Physik, 1920- .) 

97. Zeitschrift ftir technische Physik, 

98. Zeitschrift des Vereines deutscher Ingenieure. 

99. Zeitschrift fUr wissenschaftliche Photographie, Photophysik 
und Photochemie. 

100. Sprechsaal, Zeitschrift fOr die keramischen, Glas- und 
verwandten Industrien. 

101. Elektrotechnische Zeitschrift. 

105. Journal of the Society of Glass Technology. 

106. Revue g€n4rale de I'^lectriciW. 

107. Electrical World. 

108. Electrical Review (London). 

112. Dinglers polytechnisches JoumaL 
114. Electric Journal. 

116. Engineering. 

117. Scientific Proceedings of the Royal Dublin Society. 

118. Annales de Tinstitut polytcchnique du Don, Novocerkaak. 

121. Electrician. 

125. Archiv flir Elektrotechnik. (SuppUment to No. 101.) 
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128. Journal of the Washington Academy of Sciences. 

129. TranaaotionB of the American Institute of Electrical Engi- 
neers. 

f 

131. American Journal of Physiology. 


Analee de la sociedad espafiola de fisica y quimica. 

British Association for the Advancement of Science, Reports. 
BuRetin de Facademie des sciences de I’union des r^publiques 
sovi^tiques socialistes. {Formerly Bulletin de I’acad^mie 
imperial des sciences de St. P^tersbourg; name changed in 
1917 to Bulletin de Facad^mie des sciences de Russie; present 


name dates from 1996). 

135. Chemical News and Journal of Industrial Science. {Name 
changed in 1991 from Chemical News and Journal of Physical 
Science.) 


136. Chemiker-Zeitung. 

137. Kongelige Danske Videnskabemes Selakab, Mathematisk- 


fysiske Meddelelser. 

138. Societas scientianim fennica. Commentationes physico- 
mathematicae. 

139. Ferrum. 


140. Journal of the Iron and Steel Institute, London. 

141. Journal of Biological Chemistry. 

142. Journal of the Society of Chemical Industry, Japan. (For- 
merly Journal of Chemical Industry, Japan.) 

143. Journal of the Franklin Institute. 


144. Mathematikai ds Term^szettudomanyi Ertesito, Budapest. 

145. Zeitschrift fUr Biologie. 


146. Zement und Beton. 

147. Meddelanden fr&n K. Vetenskapakademiens Nobelinatitut. 

148. Zeitschrift fllr die gesamte K^te-Industrie. 

149. Archives dea sciences physiques et naturelles. (Biblioth^ue 
britanmque, 1796—1816; BibliothSque universelle dea sciences, 
beDes-lettres et arts, 1816—1835; Biblioth^ue universelle de 
Geneve, 1836-1846; Supplement k la bibliotbdque u''.iverselle 
de Geneve, Archives des sciences physiques et naturelles, 
1®46— 1847; Bibliotheque universelle de Gendve. Archives 
des sciences physiques et natureUes, 1848-1857; Bibliotheque 
universelle, revue suisse et etrangdre. Archives des sciences 
physiques et naturelles, 1858—1861; Biblioth^ue universelle 

. es sciences physiques et natu- 

rellea, 1862-1877; Biblioth^ue universelle. Archives des 
sciences physiques et natureUes, 1878- .) 

150. MitteUungen ueber Forschungsarbeiten auf dem. Gebiete des 
Ingenieurwesens insbesondere aus dem Laboratorium der 
technischer Hochschiden. Verein deutscher Ingenieure, 

151. M^moires de Facad6mie royale dee sciences de Finstitut de 
France. 


!“* Institution of Washington, PubUcations. 

lence Reports of the T5hoku Imperial University. Series 

Physics and Chemistry. 

^he T5hoku Imperial University. 
lAfi Petrology, Mineralogy and Mineral Deposits. 

166. BuUeUn mtemationale de I’acad&nie dee sciences de Cracovie. 
{Name chanted to BuUetin Internationale de I’acad&nie Polo- 
naise des sciences et des lettres ) 

166. Science. 

168. Communications from the Physical Laboratory at the Uni- 
versity of Leiden. 

169. ^ales de I’Inetitut Polytechnique Pierr^le-Grand, P6tro- 

. grad. ' 


70. Memone della reale accademU nazionale dei Lin, 
171. S.ts,mgs^„chte der Heidelberger Akademie de 



174. Transactions of the Royal Society of Edinburgh. 

180. Anzeiger der Akademie der Wissenschaften, Krakau. 

181. Travaux de la 8oci5t5 de physique et de chimie de Kharkoff. 

182. Proceedings of the Chemical Society, London. 

186. Chemisches Zentralblatt. 

186. BuUetin de la classe des sciences, academic royale de Belgique. 

187. Metall und Erz, Zeitschrift ftir MetalhUttenwesen und Erz- 
bergbau, einschl. Aufbereitung. 

188. Nachrichten von der koniglichen Gesellschaft der Wissen- 
schaften zu Gottingen. GeschAftUche Mitteilungen ; mathe- 
matisch-physikaUsche Klasse. 

189. Centralblatt fiir Mineralogie, Geologie und Pal^ntologie. 

190. Neues Jahrbuch ftir Mineralogie, Geologie und Pal^ntologie. 

190B. Neues Jahrbuch ftir Mineralogie, Geologie und Palaon- 

tologie, BeUage Band. 

192. Metallurgie. {EHvided into Nos. 139 and 187.) 

197. Proceedings of the National Academy of Sciences. 

199. Le Radium. {Merged into No. '51 in 1990.) 

200. Jahrbuch der Radioaktivitfit und Elektronik. {Combined 
wUh No. 63 in 1994.) 

201. Proceedings of the Cambridge Philosophical Society. 

204. Photographic Journal. 

205. Biochemische Zeitschrift. 

208. Physica, Nederlandsch Tijdschrift voor Natuurkunde, 

214. Kongelige Danske Videnskabemes Selskab, Skrifter natur- 
videnskabelig og mathematisk Afdeling. 

218. Naturwiasenschaften. 

219. Proceedings of the Phyaico-Mathematical Society of Japan- 

220. Jem-Kontorets Annaler, Stockholm. 

225. Kosmos. (Polskie towarzystwo przyrodnikdw imienia Ko- 
pemika.) Lemberg. 

228. Denkschriften der kaiserlichen Akademie der Wissenschaften 
zu Wien, mathematisch-naturwissenschaftliche Klasse. 

230. Biochemical Journal. 

232. Soil Science. 

238. Travaux et m^moires du bureau international des poids et 
mesures. 

241. Proceedings of the American Philosophical Society. 

242. Vierteljahrsschrift der naturforschenden Gesellsch^t, Ztirich. 

243. Zeitschrift ftir Instrumentenkunde. 

245. Zeitschrift ftir das gesamte Sehiess- und Sprengstoffwesen. 

249. Fortschritte auf dem Gebiete der Rdntgenstrahlen. 

250. BuUetin de stances de la soci^t^ frangaise de physique (1873— 
1910). {From 1873-1901 as society’s Stances; continued as 
No. 51.) 

252. Chemische Umschau auf dem Gebiete der Fette, Oele 
Wachse und Harze. {Before 1916 Chemische Revue tiber 
die Fett- und Harz- Industrie.) 

267. Philippine Journal of Science. 

269. Mineralogical Magazine and Journal of the Mineralogical 
Society. 

278. Archiv ftir die gesamte Physiologic des Menschen und der 
Tiere. (Pfltiger.) 

279. Zeitschrift ftir Untersuchung der Lebensmittel. {Formerl}/ 
Zeitschrift ftir Untersuchung der Nahrungs- und Genussmittel 
sowie der Gebrauchsgegenstande.) 

286. Chemical Reviews. 

287. Kolloidchemische Beihefte. 

293. Archiv der Pharmazie. {Combined with No. 273 in 1994 to 
form Archiv der Pharmazie und Berich'te der deutschen 
pharmazeutischen Gesellschaft.) 

299. British Aeronautical Research Committee. Reports and 
Memoranda. 

302. Smithsonian Institution Publications. Miscellaneous Col- 
lection. 

306. Transactions of the American Society, of Civil Engineere. 
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306. Journal of the American Society of Naval Engineers. 

315. Memorial dee poudres. {Formerly Memorial des poudres et 
salpetres.) 

316. Journal and Proceedings of the Royal Society of New South 
Wales. 

322. Schriften der Dorpater Naturforscher-Gesellschaft an der 
Universitfit. 

325. Proceedings of the Royal Institution of Great Britain. 

337. Bulletin of the National Research Council. 

341. Journal of Agricultural Research. 

348. Cotton Oil Press. 

355. The Engineer, London. 

356. Journal of the Royal Society of Arts. 

365. Bureau of Standards, Circulars. 

372. Verein zur Beforderang des Gewerbefleisses, Verhandlungen . 

378. Chimie et Industrie. 

380. Gesundheits-Ingenieur, 

382. Refrigerating Engineering. (Transactions of the American 
Society of Refrigerating Engineers. 1905-13; American 
Society of Refrigerating Engineers Journal; present name 
dates from Jxdy, 1922,) 

388. Oversigt av FOrhandlingar kongl. Svenska Vetenskaps- 
Akademien. 

396. Gm Journal. {Formerly Journal of Gas Lighting and Water 
Supply.) 

397. Gas- und Wasserfach. {Name changed Jan., 1922 from 
Journal fttr Gasbeleuchtung und venieandte Beleuchtungs- 
arten sowie fUr Wasserversorgung.) 

398. Memoirs and Proceedings of the Manchester Literary arid 
Philosophical Society. 

403. Proceedings of the Institution of Mechanical Engineers. 

408. Journal de math^matiques pures et appliqu^es (Paris). 
{Continues Annales de math^matiques pures et appliqu^; 
present name dates from 1836,) 

414. Mitteilungen liber Forschungsarbeiten auf den Gebiete des 
Ingenieurwesens hrsg. vom Vereine deutscher Ingenieure. 

415. Journal of the Textile Industry. 

410. Brennstoff-Chemie. 

427. Physikalische Berichte. (Beiblatter zu den Annalen der 
Physik und Chemie; Beiblfttter united with Fortechritte der 
Physik and Halbmonatliches Literaturverzeichnis to form 
Physikalische Berichte.) 

428. Repertorium ftlr Experimental-Physik fOr physikalische 
Technik fllr mathematische und astronomische Instrumen- 
tenkunde. {Before 1867 was Repertorium fUr physikalische 
Technik fOr mathematische und astronomische Instrumen- 
tenkunde; also known as Carl’s Repertorium.) 

429. Memoirs of the College of Science, Kyoto Imperial Univer- 
sity. {Before 1914 T^rt of Memoirs of the College of 
Science and Engineering, Kyoto Imperial University.) 

434. Scientific Transactions of the Royal Dublin Society. 

436. Reports of the Research Department. Royal Arsenal, Wool- 
wich. 

437. Japanese Journal of Physics. 

438. Transactions of the American Society of Mechanical Engi- 
neers. 

444. Verhandlungen der preussischen Akademie der Wissen- 
schaften. 

454. Proc^verbaux et resume dee communications de la 8oci4t4 
frangaise de physique. 

459. Electrical Review and Industrial Engineer. {Formerly Elec- 
trical Review and Western Electrician.) 

465. Zeitschrift der deutschen Ol- und Fett-Industrie. 

468. Kongliga Svenska Vetenskaps-Akademien, Handlingar. 

471. Army Ordinance. 


474. Zeitschrift fttr komprimiertfr und flttflei«e Qase wwie die 
Presslvit- Industrie. 

478. Bulletin de 1 ’association des chimistee de suererie et de 
distilierie de France et dee coloniee. 

482. Quarterly Journal of the Indian Chemical Society. 

501. M^moires couronnte et aut^ m4moires pubM par Taca- 
d6mie royale dee sciences, dee lettree et dee beauz-arts de 
Belgique. Collection in 8vo. 

502. Archives du Mus4e Teyler (Haarlem). 

604. M^moires de Facad&nie dee sciencee de Tunion dee r4pub- 
liques sovi^tiquee eocialistee. {Formerly Mteoims de 
Tacad^ie imp^l des sciences de St. P4terebourg; name 
changed in 1917 to M4moires de Facad^mie des sciencee de 
Russie; present name dates from 1926,) 

606. Monthly Weather Review. 

607. Meteorologisohe Zeitschrift. 

510. Zeitschrift fOr den physikalischen und ohemischen Unterricht. 

511. Zeitschrift fUr mathematiseben und naturwissenachaftlicben 
Untemcht. (Verein zur FCrderung des Unterriohte in der 
Mathematik und den Naturwissenschaften.) (Hoffmann's 
Zeitschrift.) 

512. Proceedings of the Indian Association for the Cultivation of 
Science. 

513. Zeitschrift fOr Mathematik und Mechanik. 

514. Maandblad voor Natuur Wetenschappen Genootschaps ter 
Bevordering van Natuurgenees- en Heelkunde te Amsterdam. 

617. Perfumery and Essential Oil ^Record. 

620. Monthly Notices of the Royal Astronomical Society (Lon- 
don). 

621. Bulletins of the Lick Observatory (Mt. Hamilton, Calif.). 

622. Illuminating Engineer (London). 

524. Abhandlungen der k. Akademie der Wiseensohafteik. Beriin. 
(K. preussische Akademie der Wissenschaften.) 

625. Publications of the American Astronomical Society. 

626. Bihang til Kongliga Svenska Vetenskaps^Akademiens Hand- 
lingar, {In 1904, divided into Nos. 19 and 20.) 

527. ErtisitO az Erd41yi Museum Egylet Arvoe-Term4esettudo- _ 
mAnyi SzakosztAIyAbol. II. TermAasettudomAnyi Siak. 

528. Zeitschrift fUr wissenschaftliche Mikroekopie und fOr 
mikroskopische Technik. 

531. Internationale ^tschrift fUr phyeikaliaoh-chemische Bio- 
logie. 

632. Popular Astronomy. 

638. Transactions of the International Astronomical Union. 

639. Proceedings of the Royal Irish Academy. Section A, Mathe* 
matical. Astronomical and Ph)raical Science. Section B, 
Biologioal. Geological and Chemical Science. 

542. Kongelige Danske Vldenskabemes Selskab. Mathematisk- 
fysiske Meddelelser. 

543. Proceedings of the Imperial Academy of Tokyo. {Formerly 
Tokyo Academy.) 

544. Transactions of the Cambridge Philosophical Society. 

545. Photographische Korreepondens. 

546. Bureau of Standards Journal of Research. 

547. British Journal of Photography. 

660. Anales de la sociedad cientifica Argentina. 

564. Abo Akademi. Acta Academia aboensis. mathematica et 
physica. 

666. Handelingen van Lettiende Vlaamsch Naturen Oeneeskundig 
Congress. 

Bl. Hund, Linienspektren und periodisches System der Elements. 
Berlin, Springer, 1917. 

B2. Glaiebrook, R. T., DictionaTy of Applied Phymce. London, 
Macmillan. 1922-23. 


LITERATURE REFERENCES 


465 


B3. Laadolt-BAniftein, PhysikaliBch-chemiflohe Tabellen. 5th | 
ed. BerUn^ Springer, 1923. 

B13. Kemst Festschrift, 1912. Knapp, Halle. 

B14. Haber, Ihennodynamik teohnischer Qasreaktionen, 1906. 

B16. Horek, Dusertstion, Berlin, 1909. 

B17. Isamb^ Thdse, Toulouse, 1868. 

B18. Webb, Thesis, Princeton, 1924. 

B19. Felsing, IheeiB, Massachusetts Institute of Technology, 
1914. 

B20. Grut, Thdse, Paris, 1923. 

B21. Abegg, Handbuoh der anorganischen Chemie, 

B22. Benoit, Thdse, Nancy, 1923. 

B23. Thomsen, J., Systematisk gennemfdrte termokemiske under- 
sOgelsen niuneriske og teortiske reeultater, 1882-1886. 

B40. Shorthose, D. N., Thermal Properties of Methyl Chloride. 
Food Investigation Board. Department of Scientific and 
Industrial Research (Great Britain). Special Report No. 19, 
1924. 

Bfil. Seidell, Solubilities of Inorganic and Organic Substances. 
New York, Van Nostrand, 1919. 

B57. Tammann, Krystallisieren und Schmelzen. Leipzig, Barth, 
1903. 

B59. Thdse, Eoole Pharm., Montpellier, 1895. 

B63. Holbom, Scheel and Henning, W&rmetabellen. Braun- 
Bcbweig, Vieweg, 1919. 


B67. Jenkin and Shorthose, Thermal Properties of Ethyl Chloride. 
Food Investigation Board, Department of Scientific aad 
Industrial Research (Great Britain). Special Report No. 
14, 1923. 

B73. Berthelot, Thennochimie. Paris, Gauthier- VUlars, 1897. 
B83. Royds, Heat Transmission by Radiation, Conduction and 
Convection. London, Constable, 1921. 

B84. Griffiths and Davis, Food Investigation Board, Department 
of Scientific and Industrial Research (Great Britain). 
Special Report No. 9, 1922. 

B85. Soci4t4 fran9aise de physique, Recueil de Constantes 
Physiques. Paris, Gauthier- ViUars, 1913. 

B86. Exner and Haschek, Die Sj«ektren der Elemente bei nor- 
malen Druck. Wien, Deuticke, 1912. 

B92. Paschen and Gdtze, Seriengesetze der Linienspektren . 
Berlin, Springer, 1922. 

B93. Fowler, Report on Series in Line Spectra. London, Fleet- 
way Press, 1922. 

B94. Sommerfeld, Atombau imd Spektrallinien. Braunschweig, 
Vieweg, 1924. 

B96. Blayser, Handbuch der Spektroskopie, 1900- (1924?). 
Leipzig, Hirsel. 

B97. Nietz, Theory of Development. New York, Van Nostrand, 
1922. 

BIOO. Lewkowitsch, Chemical Technology and Analysis of Oils. 
Fats and Waxes. 6th ed. London, Macmillan, 1921-23. 



I 

i 




i 

t 






INTERNATIONAL CRITICAL TABLES 

INDEX 


Volumes I to V Inclusive 

Ej^lanation.— For properties of natural and industrial materials of more or less indefinite chemical composition, look under the 
Class of material. For properties of chemical substances and mixtures of definite composition, look under the nroDertv 
Volume numbers are in bold-face. 

INDEX TO SELECTED SUBSTANCES 
I. The Gaseous State* 



I>en«ty, oompreenbility ftnd thermal expao- 
8100 


HiO 


Density of eaturated rapor 
Visooaity 


Molecular data 


Diffusion coefficient 
Critical point 


Specific heat 

Thermal conductivity. . 

Joul^Thomson effect, etc 

Heat of formation 

Detonation and ezploeion 

Heat of adsorption 


Absorption of light and heat 

Scattering of light 

Electric and magnetic birefringence. 
Ionisation and ionic properties 

Absorption and emission of electrons 

Condensation on ions and nuclei 

Critical potentials 

Dielectric properties 

Solubility in liquids 


Adsorption and absorption 


To*i oology . 


« 4 


1; 71, 102 

1; 102 

8; 430 

1 W » 

8: 3, 16 

\ * 1 *.s # 

8: 3. 11 

1 

8: 3, 11 

8: 3, 9 








8: 234 

8: 236 

8: 235 

8: 235 

1: 102 

1: 102 

8: 4 

8: 3 

8: 3 

8: 4 

8: 2 
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1: 02 

1: 02 

1: 02 



1: 92 


8 




8 

8: 62 

0: 62 

8: 62 
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8: 248 

1: 102 

3 : 248 ^ 

8; 248 

8: 248 

8: 248 


8: 248 





5; 80, 81 

8: 80 

8 ; 82, 83 

8; 80, 81 

8: 80. 83 

8: 80, 83 

8: 312 

8: 213, 214 

8: 213, 215 

8: 213 

8: 214, 215 

8: 214, 215 

8: 213, 214 






8: 144 


8: 146 



8; 144 


8: 186 

8: 176 

ft; 177 

1 

8: 178 

8; 181 


1 


1 

8: 172 


6: 140 

1 

8: 140, 141 

ft: 141 

8; 130, 140, 

8: 139. 140, 





141 

141 

8: 268 


ft: 260 

ft: 270 


8: 270 

8: 265 




8: 265 

8: 267 




ft 

8 

1 

8 

1: 365, 360. 


1: 370 

1; 365, 370 

1 : 365 

1 : 365, 370 

370 






8 


ft 

8 

8 

8 

8 

1 


8 

8 

8 



8 



( 


8 
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6 

8 

6 

8 

8 

8 1 

8:257.264. 



8:258. 264. 

8:260,264, 

8:200,285. 

272 



270, 274 

275 

270, 270, 






281 

8: 272 


8:237.262. 

8: 240 

1: 272 

8: 272 

8: 240 

I 

270, 272, 


8: 240 

8: 240 


I 

301. 316. 






321 






8; 240 




< 

8: 320 


8: 320 

1: 318 

8: 310 


CHK)H 


8: 436 


• : 237 


CtHt OH 

S: 437 

S; 238 
8:3 


9 : 244 
• : 4 


8: 62 
8: 248 


8: 62 
8: 248 


8: 62 
8: 248 


8: 80.81 8: 80,81 8:81.83 

8:214,215 8:214,216 8: 214, 215 


8; 181 
8: 161, 172 

8: 140 


8: 181 
8: 161. 163, 
172 
8: 140 


8:161, 163, 
172 
8: 140 


8: 265 
1: 363 


8: 265 
1: 370 

8 


8 : 266. 268 
1 : 365, 370 

8 


8:260 
I: 249 


8:318 


t Air, Composition, 1: 303; Dynamics of, 1: 402. 
t Photographic efficiency of light from emission spectrum, 8 : 200. 


II. The Liquid (Includinq Vitreous) State 



1 Air 

1 Hp 

HtO 

80i 

1 NH. 

COi 

1 SiOit 

I NaCT 

I Ka 

CH,OHt 

CxHjOHI I C.H#| 

Density and thermal expansion 

1; 103 

1: 80 

1: 80 

8: 22 

8: 23 


4: 20 

8: 24 

8: 24 

8: 27 

8: 27 

8: 20 

1 


8: 456 

8: 24 










Density under the vapor pressure 



8: 234 

8: 228, 

8:234 

8: 236 




8: 237 

8: 238 

8: 244 





236 

1 








Compressibility 


8: 47 

8: 40 


8: 35 

8:37, 

4; 21 



8; 41 

8: 41 

8; 36, 80 







88 







Internal itfessure 


4: 19 










4: 10 

Viscosity 


8; 7 

f: 10 



8: 11 


1 


8: 11 

8: 11 

8: 12 

Ev^MMtion velocity 


8: 53, 54 

8: 54 

1 

1 








Surface tension, angle of contact, 

1: 103 

1 : 72. 103 

8: 146 

4: 442 

4:442, 

4: 447 


4: 443 

4: 444 

4:439,448, 

4:434.438. 

4:484. 436, 

interfadal tenaion. etc. 

4:441. 

8: 146 

1 4:434, 436, 


447 





474 

440, 474, 

48a 464, 


442 

4:438. 440, 

1 438, 430, 






1 


476 

476 



476 

440, 447, 

1 












474 










Tensile strength 



4: 434 








4:434 
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ICI. The Liquid (Includinq Vitreous) State. — (Contintsed) 


_ — ^ , 

Air n 

Hg« 

i Hio 

SOt 

1 NHi 

1 COi 

1 SiOst 1 Naa 1 KCl 

1 CHiOHt 

i C«H<OHf ) CsH.I 

Boilint poiat 

X: UiS 

1 

3: 206 

X: 53 

3: 213 

3; 213 

3:236 

A 

t: 214 

3 : 214 

3: 214 

3: 216 

3: 217 

3: 221 

flaab point 

1 

1 

1 





s 




3: 161 

3: 161 

3; )61 

Vapor pressure 

t: im 

S : 206, 206 

3: 210, 233 

3:213, 

3:213, 

3: 235 

3 : 314 

3: 214 

3: 214 

3: 216. 237 

3: 217, 238 

3 : 221, 244 





236 

234 








Qpedfio heat 


X: 103 

1 













3:85, 88. 

3: 113 

3: 114 

3:86, 

3: 86, 

3: 105 



• : 114 

3: 102, 114 

3:86, 80, 



113, 114 

1 

1 


114 

114 






115 

Entropy and heat cohtent 

1 

3: 88 

3: 80 









3 : 80 

Thermal oonduotivity 


3: 220 

•t: 315 

1 






3: 227 

3:218, 227, 

3: 228 




6: 218, 227 

! 



217 




228 


Heat wetting by 



3; 142 



« 




8: 142 

3: 142 

3: 142 

Hsat of vaporisation 




3: 328 

3: 320 


3: 214 

3: 214 

3: 214 

3: 216, 333 

3: 336 

3 : 221, 343 


3: 136 

8: 458 

3: 138 

6; 138 

3: 138 

3: 138 

1 



8: 138 

3: 138 

3: 138 



3: 205 











Heat of formation 



3: 176 

3: 177 

3: 178 


B: 182 

1 


8: 181 

3: 181 

3: 163 

Hsat of oompreosion 

3: 146 

1 

3 : 146, 147 

1 

1 

3: 147 

3: 146 





3 : 147 

3 : 146 

Absorption of light and heat 

1 

1 

3: 240 

3: 260 

1 







e 


Tmnsmiasivlty. 

iffwijiv 



3 : 264. 273 

1 



1*112 



1* 177 

It 180 

X: 108 



X • xuo 

3: 240 


A • 111/ 






A e Acs 


1 9 e A iw 

1 

1 

1 

diffraction 



X : 351 








X: 362 

X: 362 

E2se. and mdgnetio birefringence. . . . 



3 



1 





3 

3 

Reflectivity 



3:256, 258, 

1 






3:256, 258, 

3 : 266. 267, 

3:266, 267, 




250, 261 







261 

258, 261 

268, 261 

Light scattering 



3: 266 

8: 266 


3:265, 




3: 266 

3'i286 

3:267.268 














Range of a and 0 particles in 



1: 368 








1: 368 

X: 368 

Fbotoelectrio constants 


3 

3 










£3eotrioal resistivity 







A 






Dielectric properties 

3 


6 

6 

6 

6 

6 




3 

3 

Diffusion in water 





5: 64 

3: 65 


3: 67 

3: 68 





• Hgiltoiopea, 1:46; Atomio etruoture, 1: 60; Thermoelectric power, 6; Abeorption &nd emission of electrons, #; Velocity of dissolution, 6 : 60. 
t Permeability to gases, I: 70. 
t CHtOH, Odor, 1: 360. 

I CtBiOH, Odor, 1: 360; Qpray electricity, 1: 360. 

I CiH«, Odor, 1: 360. 


III. The Crystalline State 


Crystallography 

X«ray diffraction data 

Density and thermal expansion 


Compressibility 
Melting point. . 
Transition data 
Vl^>or pressure. 


Thermal conductivity 


Speei&o heat 


Entropy and heat content 
Heat of fusion 


Heat of transition. . . 
Beat of vaporisation 
Beat of formation. . . 
Kehractive index .... 
Refleetivity 


Transmissivity 

Absorption of light and heat 

Photodeetrie eonstanta 

Electrical reiiativihy 


Dieleetrio propertii 


1: 340 
1: 340 
%: 466 


• : 47 

1: 63 


3: 205 


1: 104 
6:36, 38. 

113 
6: 88 
1: 104 
f: 468 

f : 206 


1: 104 

e 


HtO 

1 80i 

NHi 

1 COt 

1 SiOi* 

Naat 

X: 341 


1: 341 

1: 341 

4; 20 

1 ; ISO, 845 

i: 341 


1: 341 

1: 341 

1: 341 

X: 345 

3: 43 


1 : 108, 

X: 112, 

1: 112, 841 

X: 150 



341 

341 

3: 87 

3: 43 




3: 43 



3: 60 




3: 50 

3: 50 

4:6, 11, 17 

1: 107 

1: 108 

X: 112 

1: 112 

1: 54 

4: 11. 17 




4: 20. 21 


3: 210 

3: 207 

3: 207 

X: 63 


3: 208 




3: 207 



1:313, 316, 

1 



3: 313, 315 


316 

1 

1 



4: 21 


3:216.217, 




3: 106,217, 

3:217,231, 

231 




231, 233 

233 

3:80, 06, 

8: 06 

3:86, 

8:86, 

5: 105 

1 

8; 01, 100 

113 


05 

05 

1 

1 


3 : 80 




1 

8: 01 

3: 131 


3: 131 

3: 131 

3: 106 


4: 11 






4: 11 




3; 106 



3: 207 

3: 207 

3: 207 







3: 162 

, 8: 200 

1: 106 

1 



1: 112 

X: 150 

3:266, 268, 

• 




3:257, 250, 

262 


1 



261 





3 : 264, 273 

3 : 264, 273 






8 : 270 

3 










3 

4 

3 


P 

3 


3 

3 


_^CH»OH 

1: 154, 346 ' 

1: 346 

1: 164, 346 I 3: 46 

3: 43 


CtHtOHI 


3: 60 

1: 64 


231, 233 
I: 01, 100 
3 : 01 


f : 203 
1: 154 
1:257, 
261 
i: 264, 
f : 270 
3 

3 

6 


X: 177 


3: 132 


1: 180 


3: 102 


3: 132 


•BiOi. Strength, 4: 21 : Hardness. 3 : 87; VUcosity and elasUcity, 4: 21; Optical rotaUoD, 3 : 336: Electron emissioD. 3; PiesoelectricconstanU, 3. 

t Solubility in HtO: NaCl, 4: 235; KCI, 4 : 230. Kate of solution in HiO: NaCl, 3 : 56, 50; KCl, 3 : 56. 


CiH. 

1: 346 
X: 348 
X: 346 


3: 60 
4: 6, 16 
4: 16 
3: 208 


3:66,80, 
103 
3: 80 
3: 133 
4: 16, 183 
4: 16 
3 : 208 
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INDEX 


Abm^tion coD8l4nt, 1: 18, 34 
Abbreviations, general, 1 ; 16, 100 
Abraaivee, S: 86 

Ab«>rption, Light, •: 246. 264, 268; 

S«e aUo Beta rays 
Abeorption spectra 
Dyes, 7 

Solutions, 6: 326, 360 
Accelerators of yulcaaisation, 8: 278 
Acetyl value, Def. of, S: xii 
Add value, Def. of, 8 : zii 
Acoustics, T 
Acuity, Visual, 1: 93 
Adhesives, 8: 217 

Adiabatic compreasioo, boat of, • : 
144, 146 

Adsorption, 1: 364 ; 8l 249; Set aUo 
Gases 

Adsorption, Heat of, •: 139 
Aerodynamics, 1: 402 
Air; Ste p. 466, this index. 

See alto Atmosphere, the. 

Air conditioning, 8: 321; See also 
Humidity 

Air, moist, Density of, 1: 71 

Albedo, f : 262 

Alloys 

Fatigue, 8: 696 

Mechaoical properties, Complete 
index, 8: 369 
Name index, 8: 370 
Physical properties, Complete 
index, 9 : 368 
Reflectivity, 0: 264 
Solubility of gases in, 8: 270 
Speoiflo heat, 0: 118 
Thermal conductivity, 0: 218 
Vapor pressures. Partial, 8: 284 
Viscosity, 0: 6 

X-ray diffraction data, 1: 348 ; 9: 
356 

Alpha-particles 

Chemical effecte, 1: 366 
Range and velocity, 1; 368, 369 
Aluminium and its allojrs, 9 : 532 , 642 
Amalgams 

Spedfio heat, 0 : 119 
Vapor pressures. 3 : 284 
Ammonia; See p. 466, this index. 

Angle of contact. 4 : 434; See aieo 
Interfadal and Surface tension 
Anti-knock” effect. 3 : 162 
Antimony steels, 9 : 631 
Arabinose, 9: 361 

Arrangement, Standard and C-, 1: 
96; 3 : viii 

Arsenic and its alloys, t: 692 
AaphalUte, 9: 168 
Asphalts. 9: 168 
Atom, Structure of, 1 : 47 
Atomic numbers, 1: 43 
Atomic weights, 1: 43 
Atoms, Optical spectra of, 0 : 408 
Atmosphere, Def. of. 1 : 18, 34 
Atmosphere, the • 

Composition of, 1 : 393 
Variation of pressure with altitude. 

1: 71 

Audible tones. Range of, 1 : 04 
Av(^adro’s number, 1 : 18, 34 
Aseotre^o mixtures, 8: 318 

Bakelite, 8 : 298 
Balata. 9 : 264 
Band spectra, 3: 400 
Barometric pressure. Variation with 
altitude, 1: 71 
Barometry. 1 : 68 
Bentonite, 3 : 63 
Beta-rays 

Absorption, 1 : 370 
“Scattering," 1: 370 


Bensene; Bee p. 466. this index. 
Black-body 
Radiation, •: 238 
Radiation constants, 0: 237 
Bitumens, 9: 168 
Boiling points: See aUo Vapor 
stire. 

Complete index, 8 : 199 
Compounds 

Inorganic, 1: 162; <;/. 1: 106 
Organic, 1: 176 
Corrections for, 3: 246 
Elements, 1: 102 
Solutions and mixtures 

Boiling-point eJevations. 3 : 324 
Saturated solutions, 8 : 361 
Soaps, 3: 466 

Boiling-point curves, 3: 306 
P-T-X relations. 3: 361 
Boron and its alloys, 8 : 692 
Brasses^ 8 : 666 
Brick, 8: 64 

Brightness temperatures, 1: 69; f : 245 
British Thermal Unit, 1: 18, 34 
Brontes, 8: 558 
Brontes, Aluminium. 8: 572 
Buffer solutions, t: 81 
Building stones, 8: 47 
Buoyancy of air, Correction for, 1: 
77, 80 

Cadmium and ite aUo 3 r 8 , 8: 648 
Calcium and its alloys, 8: 692 
Calendars, 1: 391 
Calorie, 1: 18. 34; 6: 169* 

Capillarity. Complete index, 4 : 432 
Carbon dioxide; See p. 466, this index. 
Carbons, Electrical, 8: 303 
Celluloid, 8: 296 
Cellulose acetate, 8 : 298 
Cement 

Dental, 8: 129 
Hydraulic, 8: 117 
Magnesia, 8: 124 
Portland. 8: 117 
Cesium and its alloys, 8: 592 
Charcoal, 8: 130; 3: 249 
Chromium and its alloys, 8; 692 
Clay products, 8 : 64 
Clays, 8 : 56 
Coals, 1 : 130 

Cobalt and its allojrs, 8: 692 
Coefficients; See Friction, etc. 

Coke, 8: 130 

CoUoids, 1: 364; 4; 430; 0: 71 
Color, 1: 03 

Color filters. 1: 60; 0: 264, 271 
Color temperatures, 1: 69; 0: 246 
Combustion, heat of, 0 : 162 
Compressibility 

Complete index. 3 : 1 
Oases, 3: 3, 17, 436 
Liquids and vitreous solids 
Compounds, 3 : 36 
Elements 

Metallic, 3: 46 
Non-metallio, 3: 36 
Solutions and mixtures, 3: 439 
Compounds, 3 : 49 
Elements, 3 : 46 
Bdinerals and rooka, 3: 40 
Compressibility differences, 4: 9 
Compression, beat of, f : 146, 147 
Concrete, 3: 118 
Magnesia, 8: 124 
Condensation, Velocity of, 0 ; 63 
Condensite, 8: 298 
Conductivity, Eleotrioal 
Commercial carbons, 8 : 803 
Complete index, 0 
Elements, 1: 103 
Insulating materials, 8 : 804 


Coodactirity. EleoteioaL— ‘(Csfifxnusrfl 
Soaps. 8: 458 
Solutions, • 

Condnotivity, Thermal, tz 812, 316; 
8; 146, 147 

Commeroiai glasses, 8: 218 
Complete index, 8: 148 
Crystals, 8: 216 
Oases and Vap<»s, 8: 213 
Industrial materials, I: 312, 318 
Metals and alloys, 8: 218 
Non-metallio liquids, 8 : 218 
Non-metallio soUds, 8: 218 
Standard materials, 8: 218 
Constants of nature, I: 17 
Convection of heat, 8: 234 
Conversion factors, i: 18 
Copper and its alloys, 8: 662 
Cotton, 8: 233 

Critl*al-point data, 1; 102; 8: 248 
Cryoeoopio data 
Aqueous solutions, 4: 264 
loorganio solvents, 4: 214 
Organic solvents. 4: 183, 215 
Crystal growth, 8: 81 
Crystal structure, 1: 333; 8: 366 
Crystal systems, Compounds, 1: 106, 
320 

Crystallisation, Velocity of, 8: 60 
Crystallography, C-compounds, 1 : 320 
Crystals 

Specific beat, 8: 96 
Thermal oonduotiVity, 8: 230 


Day, 1 ; 391 

Definitions, 1: 34; 8: viii 
Density 

Air, moist, 1: 71 

Chemical compounds, 1: 106, 313, 
341 

Oases and vapors, 0 : 3, 486 
Liquids and vitreous solids under 
atmospheric pressure 
Compounds 

Inorganic, 8 : 27 
Organic, 0: 22 
Elements 

Metallic. 8; 457 
Non-metallio. 3 : 20 
Liquids under high pressures; See 
Compressibility. 

Refrigerating brines, 1: 327 
Soaps. 0: 447 

Solids under atmospherio pressure 
Compounds 
Inorganic. 3 : 43 
Organic, 3 : 45 
Elements 

Metallic, 8: 456 
Non-metallio, 3 : 21 
Solids under high pr 
Compressibility. 

Solid solutions 
Metallic, 9 : 358 
Non-metallio, 3 : 130 
Solutions and mixtures 
Gas mixtures, 3 : 17 
Liquids under atmoepherie pres- 
sure 

Aqueous solutions, one solute 
Tnesganie, 3: 61 
Organic, 3:111 
Saturated, 3: 104 
Temp, of max. density, 3 : 
107 

Aqueous solutions, more than 
one solute 
Inorganio, 3 : 96 
Organic, 3 : 126 
Non-aqueous solutions, 

Metallio, 3 : 368 
Non-metallie, 3 : 130 


D««lty.— (CsaiiagaO 
Liquidi under high 
See Compreesibjlfty. 
Detonation, 8 1 184 
KSeoi oi ooffipounds on, 8: 182 
Dew point el motor facts, 8; 140 
Dextrose, 8 : 847 

Diatomio moiaeule speetn: CoosUdis 
' 8; 409 

Dideetrio oonstant and Dielestrio 
streofth, Complete index, 8 
Diffusion 

Oases and vmpon, 8: 62 
In liquids, 8 : 83 
In s ol ids, 8: 78, 77 
VekMsty d, 8 : 62, 68. 78, 7. 
Dilution, heat of, 8 : 160 
Dimensional formulae, 1 : 13 
Dimensiooi of phyiioal quantities, I z 
20. 34 

Dispcrsoldoloty, 1 : 364 
Distribution eoeffidents, 0 : 410 
Dr <9 weight oorreotions, 4: 486 
Drying agents, 3 : 336 
Ductility, Def. of, 8: xii 


ures; See 


Eiarth 

Form and lise, Iz 394 
Motion, Iz 302 
Elastic limit, Def. of, 8 : riii 
Elasticity, Modulus of, Dd. of, 8: x 
EJectrioal resistivity; See Coodaotiv- 
ity. 

Electrically exploded wires, I: 40f 
Electricity, 0 
Eleotrolytes, strong 
Solubility in water, 4z 210 
SoiutioDS, viscosity of, 0 : 12 
Eleotrolytes, weak 
Solubility in water, 4: 260 
Solutions, viscosity of, 0 : 20 
EJeotromotivs faros, 4 
Electron 

Energy levels, 0 : 417 
Ohbits. 1: 48 
Electronics, 0 
I Elements 

Artificial disintegration, Iz 866 
Conimon physical zwoperties, 1 z 1'13 

» Density, 1:340; eMdffoDeluity. 

Emission spectra, 0 : 276 
Heat capacity, i : 80, 86, 92 
Heat of fusion, 0 : 131 
Heat of vaporisation, 0 : 136 
Persistent lines, i: 322 
Radioactive, 1: 302, 364, 366 
Spectral series, 0 : 392 
Viscosity, i: 1 

X^ay diffraction data, 1: 340 
Zeeman effect, 0 : 418 
Elongation, Def. of, 8 : viii 
Emission spectra, 0 : 270 
Emiasivity.f : 242; See alee Pyrometiy- 

Enamels, Vitrsous, 8 : 114 
Endurance limits, Def. of, 8 : xii 
I Energy levels, deotronio, 0: 417 

Entropy, 0: 37 
£6ty6s formula, 4: 434 
Eriebsen value, 8 : x 
Errore of observation, 1: 92 
Elhyl .loohol: 8„ p. ««. tU. 

Ethyl aleohd, Aqueous 
Boiling point, 3: 310 
Density. 8: 116 
Fraesing point, 4 : 261, 202 

Surface tension. 4: 407 

Vapor pressures, Partial 3 : 290 
Visoodty, 0:22 
Evaporation, 3: 63 • 

Explosives, 7 


INDEX 




flHAdftyt ti 17, <96 

FMigae ol meUla *aif ftUojrs* t: 9M 

Ffttifot reiitt*&oe, Def. of, ll stf 

Fstigae etresicUi, D«l> of* 8: sU 

Fott, and Vecotoble, 8s 186 

fiber, Voloanisod, 8^ 389 

Fibers 

ClMeifiostioo, 8: 231 
Fireproofing. 8 : 239 
Fur, 8:236 

Hytroeoopioity, 8: 821 
FUms.thin.4:475 
Filten 

Photometrie. 6 : 264. 435 
Redietion, B: 271 
^teoirel, 6: 271 

Fixed poinU. Thermometrio. 1 : 53 
Finme propasetion, 8 : 182; 5(«e aUo 
Oeaea. 

Flesh points 

OUs. Animal and vetetable, 8 : 211 
Mineral. 8 : 150 
Pure liquids, 8 : 161 
Fluidity; Ste Viseosliy. 

Flttoresoenoe, 8: 391 
Foods. Cereal, Hygrosoopie moisture, 
8: 324 

Formation, heat of. i: 162. 169, 212 
Freesing mixtures, 1 : 62 
Freesing-point lowering 
Aqueous solutions, 4: 254 
Soap solutions, f : 456 
Freesing points; See Melting points. 
Freesing points, Solutions, Complete 
index. 4: 1 

Freesing>point-solubility data 
Complete index. 4 : 1 
Boape and soap stdutions, •: 446 
Frietion, 8: 164 
Fuels 

Osseous, 8 : 166 
Liquid, 8 : 136, 162 
Solid, 8 : 130 
Fur, 8 : 236 

Fumaeee, Temperatures attainable 
in, 1: 67 

Fusion, latent heat of: 

Metals and alloys, 8 : 458 
Non*metals, f : 130 


Qalaetoee. 8: 351 

Gamma^rays. Wayerlength. 1: 371 
Qsa constant, 1: 18, 37 

Oases 


Adsorption on ohsreoal, 9 : 250 
Densityi Compressibility and Ther- 
mal expansion. 8 : 8 
DetonaUon. 8 : 162. 184 
Diffusion, •: 62 
Eleetrioal ignition, 8: 176 
Flow. 1: 81; •: i 
Fluoreeoenoe. •> 801 
Ignition temperatures, tt 173 
Industrial, 3 : 166 

Ionisation by radioaetiTe sub* 
stanoea. It 365 


Kinetic theory. 1 : 01 
limiu of infiammabOity. 8 : 176 


Solids, permeability of, •: 76 
Solubility; See Solubility. 


Speeifie heat. B : 70 
Spring, Radioactirity of, i: 373 
Thermal oonduotivity. B: 213 
Viseoeity, B: 1 
Jelatins. 8: 217; 4: 430 
Celling point, 8 : 221 
Geodetic data, 1: 303 
Qermanitfm and its alloys, lU 602 


Glass 


CbemieaL durability, 8t 19!6 
Pbyaieal properties. 8t 8F 
Tbermal eonduetivity^ %: 220 
Xway diffraction data, 1 : 357 


Oloes. 8: 317 
Gold. 8 : 584 
Craphite, 8 : 502 

Graritation constant, 1: 17, 37. 305 
Gravity 

At various stations, 1: 395 
Standard, 1: 18, 37. 305 
Gutta-percha, 8 : 254 
Oypeum, 8; 122 

Beat 

Capacity; See Specific heat. 
Mechanical equivalent of. B : 78 
Transfer, B : 234 
Heat of 

Adsorption, B: 130 
Combustion, B : 162 
Compression, B: 144 
DiluUon, B: 160, 100. 212 
Dissociation, 6: 418 
F<Mrmation, S : 162, 169, 212 
Fusion, B: 130 
Mixing. B: 146 
Neutralisation, 6: 212 
Solution, B: 148, 100 
Transformation, 8 : 458; B: 169 
Transition, 8 : 468; B: 169 
Vaporisation, B: 136 

Elements, 1: 102; 8: 135 
Wetting, B: 142 
Hehner value, Def. of, 8 : xii 
Humidity, Laboratory methods of 
control, 1: 67 

Hydrogen-ion concentration, 1: 61 
Hydrometer scales, 1 : 31 
Hygrosoopie moisture, 8 : 321 

Ignition temperatures, 8: 150, 161, 172 
lUuounanta, commercial, 6: 437 
Impact resistance, Def. of, 8 : x 
Indicators, Acid-base, 1 : 81 
Indium and its alloys, 8: 692 
Insulators, Electrical 

Electrical conductivity. 8: 67. 86. 

101, 211, 272, 200, 300. 304 
Hygroeoopio moisture, 8 : 323 
Insulators, Thermal, 8: 312, 816 
Interfacial tensions, 8: 146; 4: 436 
Internal preesure, 4: 19 
International electrical units, t: 18, 38 
Invert sugar, 8 : 350 
Iodine value, Def. of, 8: xii 
Iridium and its allo3ra, t: 684 
Iron, 8 : 478 
X-ray data, 8 : 356 
Iron, Csst, 8 : 483 
Isotopes, Table of, 1: 46 

Jelly strength, 8 : 220 
Joule-Thomson effect. B: 144 
Journals, Library sources, 1: 413 

Kinetics. Chemical, 7 
Kinetics, Pbysieal 
Crystallisation, B: 60 
Diffusion: 

Gases, B: 62 
Liquids, B: 63 
Solids, B: 77 
Permeability, B : 76 
Solution, 6: . 55 
Vaporisation. B: 53 
Kirehhoff equation, B : 70 

Lactose, 8 : 345 

lanthsnum and its alloys^ 8: 602 
Laplace equation, B : 70 
laplaoe-Poisson equation. 4 : 434 
Latent heat*,,Se« Heat of. 

Latex, 8 : 265 
Leather, 8 : 260 

Leiden temperature scale, 1 : 54 
Levuloae, 8 : 340 


Light 

Absorption, f : 248. 268 
Efficiency. B: 245, 437 
Filters, B: 264. 271, 436 
Mechanical equivalent, B: 436 
Refieotivity, S: 256 
Refraotivity, B: 248 
Scattering, B : 265 
Selected sources, B : 242, 245 
Velocity, 1* 17 
Lignite, 8 : 130 
Liquid crystals, 1: 314 
Liquids 

'Compressibility; See Compressi- 
bility. 

Diffusion in, B: 63 
Mutual 'solubility, B: 386, 398 
Spark discharge in, 4 : 433 
Sj>eeifio heat, B: 84, 02, 106 
Thermal oonduotivity, B: 218, 226 
Liter, 1 : 1. 18 

Losohmidt's number, 1 : 18, 38 
Lubricants, 8: 164; See aleo Oils. 
Lumber, Artificial, 8: 46 
Luminescence, B : 386 
Lunar data, 1: 302 

Macleod formula, 4 : 434 
McCoy number, 1: 368 
Magnesium and its alloys, 8 : 544 
Magnetism, 6 
Maltose. 8 : 346 
Mannose, 8 : 350 
Manometry, 1: 68 
Masonry, 8: 66, J23 
Measures, Systems of weights and, 1 : 1 
Mechanical equivalent 
Heat, 6: 76 
Light, B : 436 

Melting, Volume change on, 4: 0 
Melting points, 4: 6 

Chemical compounds, 1 : 106, 306 
Elements, 1 : 103 
Liquid crystals, 1 : 314 
PreMure, Effect of, 4: 0 
Soaps, B: 449 

Meniscus, Volume of, 1: 72 
Mercury: See p. 466, this index. 

Alloys, 8 : 584 
Metallic reflection, 8: 240 
Metals, Complete index, 8 : 358 

Compressibility; See Compreoai- 
bility. 

Density, 8: 456 
Diffusion In, B : 63 
Elastic extension, heat of, B: 147 
Emission spectra, B: 276 
Fatigue, 8 : 505 

Gases. SolubiUty of. in. •: 253, 270 
Latent heat of phase oranges, 8 : 458 
Optical properties, B: 248 
Radioactive radiations, 1 : 372 
Reflectivity, B : 218 
Specific heat, 6: 84, 02, 118 
Surface tension, 4: 430 
Therooal conductivity, B: 218 
Thermal expanaion, 8: 450 
Vapor pressure, 8: 204 
Viscosity, B: 6 

X-ray diffraction data, i : 338 
Meteorites, Radioactivity, 1 : 380 
Methyl alcohol; See p. 466, this index. 
Metric system, 1 : 1 
Minerals and rooks 
Age of, 1: 381 
Compressibility, B : 40 
Name index, 1: 174 
Radioactivity, 1 : 377 
Molecular constants, B: 400 
Moleoxilar weights 

Chemical compounds, 1: 106, 176 
Boape, •: 446 

McJyMenum and its alloys, B: 502 


Month, 1 : 301 
Moon, 1 : 392 
Mortar, Lime, 8 : 12B 

Nebulae 

Distribution motion, 3: 388. 
380 

Physical properties. 1: 384 
Nickel and its alloys, 8 : 479 
Nitrocellulose plastics, 8 : 296 

Observational errors, 1 : 92 
Odoriferous materials. 1: 358 
Oils 

Animal, 8 : 196, 317 

Insulating. 8 : 304 

Lubricating, 8: 136 

Mineral, 8 : 136 

Vegetable, 8: 196, 317 

Optical constants of metals, B: 248 

Optical rotatory power, 7 

Optical rotation, 8: 334 

Optical spectra structures, B : 408 

Organic compounds 

Airangement, 1 : 96; B : viii 

Boiling points, 1: 176; See aleo 

Vapor pressure. 

Density; See Density. 

Melting points, 1: 176; 4: 6 

Molecular weights, 1: 176 

Name index, 1: 280 
• 

Nomenclature, t : 176 
Solubility in water, B: 387; 4: 250 
Osmium and its alloys. B: 584 
Osmotic pressure, 4: 429 

P-V-T RcUtions 

Heterogeneous systems; See Phase- 
equilibrium data. 

Homogeneous systems, B: 1 
Paint, Raw materials, 8 : 317 
Palladium and its alloys, 8 : 584 
Paper, Hygroscopic moisture, 8 : 322 
Paraffins, 8 : 136 
Peat. 8 : 130 
Periodic chart, 1: 46 
Permeability, Solids to gases, i: 76 
Petroleums, 8: 136 
pH values, 1 : 81 
' Phase-^uilibrium data 
Condensed systems, 1 
MetaUio systems, 8 : 358 
Soaps, 8 : 461 
Two liquid phases, B: 386 
Vapor-phase systems, B: 199 
Phenol resins, 8 : 298 
Photoelectric constant, 1: 18, 40 
Photography, f 438 
Photometric standards, f : 434 
Photometric filters, 6 : 435 
Pigments, 8 : 317 
Pitches, 8 : 170 
Planck’s constant, i: 17, 40 
Planets, i: 392 
. Plastics, Factitious,. 8 : 296 
Platinum and its alloys, 8 : 584 
Poisons, 8 : 318 
Poisson’s ratio, 8 : viii 
Pole effect, B: 432 
Polenske value, B: xii 
Porcelain 

Electrical, B : 67 
Laboratory, B : 73 
Potassium and its alloys, B: 592 
Potassium chloride; See p. 466, this 
index. 

Precipitation laws, i : 354 
Proportional limit. Def. of, B: viii 
Psychological data, I :-92 
Bsyohrometiy. 1: 71 
Pumps, Vacuum, Characteristics qf, 1; 
91, 92 

Pycnometers. Calibration of, i; 80 
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Pyrobitumen, Jt 168 
Pyrometry, Optical, 1 : 69 ; i: 246 
Pyroxylin plaatioe, S : 296 

Quantum numbers, 1: 48 
Quantum states, 1: 48 

Padiation 

Black-body, 6: 238 
Constants, t : 18, 40; « : 237 
Filters, «: 271 
Temperature, 8: 245 
Thermal, 0 : 242 
Total transmission, 6: 264 
Radiator, perfect; see Black-body. 
Radioactive 

Elements, Constants of, 1: 362 
Materials, Distribution of, 1: 372 
Processes, Energy of, 1 : 366 
Radioactivity, Complete index, 1: 361 
Radiomctry, Complete index, «: 237 
Raffinoec, 8 : 362 
Raics ultimcs, 6: 322 
Rayon, 8 : 234 
Reaction times, 1: 04 
Rcdmanol, 8 : 208 
Rtxiuction of area, Dcf. of. 8. viii 
Reflectivity 
Diffuse, 6: 261 
Metallic, 6 : 248 
Specular, S : 256 
Refractivity, Complete index, 7 

Chemical compounds, 1: 106, 165 
276 

Elements, 1 : 103 
Soaps,' 0 : 456 

Refractories, Commercial, 8: 82 
R'‘fractory substances 
Boiling points. 4 : 63 
Freeiing-point-solubility data, 4 : 83 
Melting points, 4 : 83 
Transition temperatures. 4 : 83 
Refrigerating brines, 2: 327 
Reichcrt-Meissl value, 8: xii 
Rhodium and its alloys, 8: 584 
Roeks; St'e ^lincrals and Building 
stones. 

Rubber. 2:2*4 

Hygroscopic moihtu/e, 2: 324 
X-ruy data, 2 : 357 
Rupture, Modulus of, Def. of, 2 : viii 
Ruthenium and its alloys, 2 : 584 
Rydberg numbers, 1; 18, 41 

Saccharimetry, 2: 334 
Salts, fused, Frccfing-point-solu- 
bility data, 4 : 41 
Sand-lime brick, 2 : 64 
Saponification value, 2: xii 
•Saturation current, 1: 367 
Screens, 2 : 320 
•Selected light sources, 6: 242 
•Sewer pipe, 2 : 65 

Shore seleroscopc hardness. Def. of, 2 : 

x 

Sieves, 2 : 320 

Sight, Observational errors, 1 : 02 
Silica; See p. 466, this index. 

Silk, 2 : 234 

Silver and ita alloys, 8 : 584 
Soap and soap solutions, 5: 446 
Sodium and ita alloys, 8 : 592 
Sodium chloride; See p. 466. this index. 
Soils, Radioactive, 1 : 379 
Solar spectra, 8 : 380 
Solar system, 1: 302 
Solid.s 

Diffusion in, 8: 77 
Gases, permeability to, 8: 76 
Insulating, 8 : 307 
Thermal conductivity, 8: 216, 218 


Solubility 

Gases in Uquids; 5 m al»o Vapor 
pressures. 

In colloidal solutions, 8 : 281 
In metals and alloys, 8; 270 
In pur© liquids, 8: 254 
In solutions, 8 ; 271 
P-T~X relations, 3: 351 
Gases in solids, 8: 249 
Liquids in liquids. 8: 386. 398 
Pressure, Effect of. on. 4; 265 
Salts in water, 4: 216 
Soaps. 8; 454 

Solids in liquids. Complete index, 4 : 

1 

Solution 

Heat of, 6: 148 
Velocity of, 8: 55 
Solutions 

Absorption spectra, 8 : 326, 350 
Compressibility of, 8: 430 
Density of aqueous, 8: 61, 111 
Density of non-aqueoxis. 8; 130 
Diffusion in. 8 : 63 
Fluidity, 6 : 25 
Soap, 8 : 446 

Solid, X-ray diffraction data, 1: 352 
Specific heat. 5: 115, 122 
Surface of, 4: 475 
Surface tension of, 4 : 463 
Viscosity of. 8: 12, 21 
Sound, Audibility of, 1: 94 
Spark discharge. 5: 433 
Specific gravity; See Density. 

Specific heat 
Compounds 


Crystalline, 6 : 05 
Liquid. 8 : 106 

ElemenU. 1 : 102, 103; 8: 84, 02 
Go-ses and Vapors, 5: 79 
Refrigerating brines, 2: 328 
Solutions and Mixtures 
Metallic, 8 : 1 18 
Non-metollic, 8: 122 
Spectra 

Optical, 5 : 408 

•Vebular and Stellar. 1: 384; 8: 383 
Si>ectral filters, 5: 271 
Spectral lines. Magnetic resolution, 6: 
418 

•Spectral series, 8: 392 
Spectroscopic standards, 8; 274 
Spectroscopy, Complete index. 6 ; 

274 

Stars 

Distribution. 1: 385 
Motions of, 1 : 380 
Ph3rBical properties, 1: 384 
Steels. 2: 478, 479, 483. 519, 528 
Antimony, 2 ; 531 
Aluminium, 2: 520 
Arsenic, 2 : 520 
Boron, 2; 530 
Carbon. 2 : 484 
Cesium, 2 : 531 
Chrome vanadium, 2: 486 
Chromium. 2: 485 
Copper, 2 : 486 
Manganese, 2: 519 
Nickel chromium, 2: 486 
Nickel copper, 2: 486 
Nickel vanadium, 2: 487 
Silicon, 2 : 519 
Tantalum, 2 : 531 
Titanium, 2 : 478 
Uranium. 2 : 478 
Vanadium, 2: 487 
Zirconium, 2: 532 
Stcfan-Boltsmann constant. 8: 237 
Stefan’s consUnt, 1: 18. 41 
Stellar spectra, 8 : 383 


Stoneware, i: 65 
Strength, Defs. of. S: vfil 
Sucrose, 2 : 336 
Sugar derivatives, 2; 363 
Sugars, 2 : 334. 353 
Sugdeo formula, 4: 434 
SuUur dioxide; See p. 466, this index. 
•Sun. 1: 392 

Sutherland's constant, 8: 1 
Surface layers, Properties. 4: 475 
Surface tension 

Complete index. 4 : 432 
Elements. 1: 103 
Methods, 4: 435 
Soaps, 8 : 440 

Variation of, with time, 4 : 440, 474 
Surfaces, Properties of. Complete 
index, 4 : 432 
Sweetening agents, 1: 357 
Symbols, general. 1: 16 


Tanning materials. Vegetable. S: 239 
Tannins. 2: 230 

Tantalum and its alloys, 2: 692 
Tor oils, 2 : 170 
Tars, 2 : 170 

Temperature baths, 1: 61 
Temperature scales, 1 : 62 
Tensile strength, Liquids, 4: 484 
Terra cotta, 2 : 66 
Terrestrial data, 1: 392 
Textile fibers, 2 : 231 
Textiles, Hygroscopic moisture, S: 323 
Thallium and its alloys, 2 : 592 
Thermal conductivity, 2 ; 3i2 
Complete index, 8: 213 
Thermal expansion; See Density. 
Thermal radiation, 8: 242 
Thermochemistry, 8: 169 
Thermocouples, Calibration chart, 1; 
57 

Thermodynamic potential. I: 87 
Thermodynamic temperature scale, 1: 
52 

Thermodynamics, 7 
Thermometers 
Liquid in glass. 1 ; 54 
Resistance, 1 : 54 
Thermometry, 1; 52 
Thermostat liquids, 1: 61 
Thin films. Properties, 4 ; 475 
Tile. 2 : 65 

Time, Equation of, 1: 391 
Tobacco, Hygroscopic moisture, 2 : 
322 

Tones, Audible, Range of, 1: 94 
Toxicology, 2 : 318 
Transformation, latent heat of 
Metals, 2 : 458 
Non-metals, 6: 169 
Transition, heat of. 8: 169 
Transition points. 1: 106, 314; 4; 6 
Pressure, Effect of, 4 : 9, 264 
Volume change at, 4: 9 
'TransmissioD of radiation, 8: 264 
Triple points, 4: 6 
'Trouton’s ratio. 8: 136 
Tungsten and its alloys, 2 : 592 

Vacuum, reduction of weighs ad, 1 : 77, 

80 

Vacuum technique, high, 1: 91 
Vaporisation 
Latent beat of 

McUls, 2 : 458: 8 : 204 
Non-metals, 8: 135 
Velocity of, 8: 53 

Vapor pressures; See also Adsorption, 
Boiling points. Drying agents and 
Solubility of gases. 

Complete index, 8: 199 


Vapor Preasurtg.— (Coirfinusd) 
Cntieal presmirea. 8; 248 
Pure aubatanoes 
Compounds. liquid 
Inorganic, t; 213, 228 
Organic, #: 216, 237 

Compounds, Solid, t: 207 
Elements 

MetaUic. t : 204, 206 

Non-motallic, 8; 201,202 

Saturated aqueous solutions. 1 : 67 * 
8:351 

Solutions and mixtures 

Commercial acids, 8; 301 

P-T-X relations, 8 : 306, 351 

Partial vapor pressuree, 8: 284 . 
301 

Vapor-preasure lowering, 8: 292 
Varnish, Raw materials, 8: 317 
Velocity of 

Condensation, f : 53 
Crsrstallisation, 8: 60 

Diffusion, 8 ; 62, 63, 76. 77 
Evaporation. 8: 53 
Solution, 8: 55 
Vaporisation, 8: 63 
Viscometers, 1; 32 
Viscosity 
Alloys, 8 : 6 

Aqueous solutions, f : 12, 20. 31 
Complete index, 8? 1 
Conversion factors. 1: 32 
Elements, 1: 102; 8: 3. 6 
Gases and vapors, 8: 1 
Liquids. 8: 10 
Metals, 8: 6 

Refrigerating brines, 8: 328 
Solutions 

Aqueous, 8: 12, 20, 21 
Metallic, 8: 7 
Non-aqueoiis, 8: 35 
Soape, 8: 447 
Visibility, 1: 93 
Vision, Threshold of. 1 : 93 
Volumetric vessels, Calibration of, 1: 

80 


van der Wools formula, 4: 19, 434 
Water; See p. 466, this index. 

Waters, Radioactivity of, 1; 373 
Wave-length standard. 8: 274 
Waxes 

Animal and Vegetable, 8: 196 
Mineral, 8; 136, 168 
Weighing, Reduction ad vacuum, 1: 74 
Weights, Corrections of, 1: 73 
Weights and measures. Systems of, 1: 
1 

Wetting, beat of, f : 142 
Whiteware, 8 : 73 
Wien’s constant, 1: 18, 42; 8: 237 
Wind pressure, 1 : 404 
Wires, electrically exploded, 8: 464 
Woods, Physical properties, 8: 1 
Wool, 8; 235 

X-ray diffraction data 

Crystals and liquids, 1: 338 
Industrial materials, 8 : 359 
Miscellaneous materials, 8: 356 
X-rays, 8 
XyloM, 8:353 

Year, 1 : 391 

Yield point, Def. of, 8: viii 

Zeeman effect, 8: 418 
Zinc and Ite alloys, 8: 548 
Zirconium steels, t: 532 
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IMPORTANT NOTICE 

ANNUAL TABLES OF CONSTANTS AND NUMERICAL DATA 
CHEMICAL, PHYSICAL, BIOLOGICAL, AND TECHNOLOGICAL 

Published by an International Committee, under the authority of the International 

Research Council and the International Union of 

Pure and Applied Chemistry 


T he data given in International 
Critical Tables are based upon de- 
terminations published previous to Jan- 
uary 1924. 

In order to keep always up to date 
with future progress in physical 
measurements, the purchaser of Inter- 
national Critical Tables should become 
a regular subscriber to International 
Annual Tables^ which will bring to his 
desk each year a volume in which he 
will find assembled and classified all of 
the data which have appeared in the 
world’s literature, for the year covered 
by the volume. 

Thus, Annual Tables^ Volume VI, 
contains all the data published in the 
literature of 1923-1924; Volume VII 
will contain the data published in the 
literature of 1925-1926; Volume VIII, 
the data published in the literature of 
1927-1928; Volume IX, the data pub- 
lished in 1929, etc. 

Beginning with Volume VII the text 
will be given in both French and English. 

The older volumes of Annual Tables 
go back to 1910. They contain all of 
the original determinations published 
during that period and which served 
as all or part of the basis of selection of 


the “best” values recorded in Inter- 
national Critical Tables, These older 
volumes thus constitute a handy and 
accessible source of reference to the 
original determinations. 

Through special arrangements made 
with the International Commission in 
charge of Annual Tables, all purchasers 
of International Critical Tables will be 
given special discounts on all purchases 
of International Annual Tables, as 
follows: 

1. 25% discount on Volumes VII to X in- 
clusive, covering the period 1925—1930. 
This reduction will only be valid fpr each 
volume during the period known as the 
subscription period. 

2. 25% discount on the index to Volumes 
I-V, which will be published in 1928. 

These discounts apply only on subscrip- 
tions addressed to — For United States 
and Canada^ McGraw-Hill Book Com- 
pany, Inc., 370 Seventh Avenue, New 
York City, For all other countries^ Dr. C. 
Marie, 9 rue de Bagneux, Paris VI, 
France. . 

All subscriptions should be accom- 
panied by draft or money order payable 
at New York or Paris! 


SPECIMEN SECTIONS 

A free copy of any onb of the following specimen sections may be obtained on appli- 
cation to Dr. C. Marie. 

A : Spectroscopy. B : Electricity, Magnetism, Electrochemistry. C : Radioactivity. 
D: Crystallography, Mineralogy. E: Biology. F: Engineering, Metallurgy. 
G: Colloids. 

The following identification form should be filled out and transmitted with the 
first subscription. 


Name . . 
Address 




